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COMMERCIAL  AIRPORT  OPERATIONS  AND 


COMMUNITY  NOISE  CRITERIA 


1.0  INTRODUCTION 

Noise  from  aircraft  operations  is  a serious  impediment  to  the 
advancement  of  commercial  aviation  and  to  the  orderly  planning  of 
community  activities  around  airports.  Although  a number  of  commercial 
airport  noise  studies  utilizing  a variety  of  methods  have  been  com- 
pleted, due  to  the  complexity  of  the  problem,  controversy  concerning 
commercial  airport  noise  effects  remains.  The  objectives  of  this 
program  involve  identification  of  key  elements  in  airport  noise  evalu- 
ation technology  and  providing  results  that  could  contribute  to 
decisions  concerning  these  key  elements.  The  following  section  pro- 
vides objectives  of  this  study  program  followed  by  a discussion  of 
some  commercial  airport  noise  results  which  illustrate  some  of  the 
identified  problems. 


1.1  Objectives 

There  are  seven  objectives  which  are  divided  into  two  groups. 

One  group  involves  two  operational  differences  or  comparisons  which 
lead  to  different  noise  exposures  around  an  airport,  while  the  second 
group  of  objectives  is  concerned  with  more  general  questions  related 
to  airport  noise  evaluation  technology.  The  two  operationally  oriented 
objectives  are: 

1.  Determine  if  a takeoff  procedure  which  reduces  noise  levels 
at  approximately  4.5  to  8.0  n.  miles  from  brake  release  is 
perceived  by  the  community.  Since  this  takeoff  procedure 
applies  only  to  727-100  and  727-200  aircraft,  but  persons  in 
their  homes  are  also  responding  to  flyovers  from  other  aircraft 
at  higher  levels,  it  may  be  that  noise  reductions  for  these 
selected  aircraft  are  not  effective. 

2.  Determine  whether-or-not  there  are  community  response 
differences  between  an  airport  noise  environment  which 
represents  typical  1965  operations  as  opposed  to  1975  or 
post-1975  operations.  Evaluations  of  commercial  airport  noise 
environments,  utilizing  energy  summation  approaches  such  as 

NEF  and  Ldn,  indicate  that  airport  noise  exposure  is  decreasing. 
However,  there  is  little  evidence  that  persons  living  around 
airports  perceive  this  decrease  in  noise  exposure. 
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The  five  objectives  concerned  with  airport  noise  evaluation 
technology  are: 

3.  Scaling  of  noise  exposure  evaluation  methods.  For 
example,  for  the  widely  used  energy  summation  methods  such 
as  NEF  or  Ldn,  does  a 2,  3,  5,  or  6 dB  increase  represent 
a doubling  of  annoyance  to  multiple  flyover  events?  Are 
the  energy  summation  methods  linear?  For  example,  does  noise 
annoyance  increase  at  tne  same  rate  in  the  30  to  35  NEF  range 
as  in  the  40  to  45  NEF  range? 

4.  Determining  the  increase  or  decrease  in  airport  noise 
exposure  which  is  perceived  as  a reliable  increase  or  decrease 
in  noise  annoyance.  For  example,  if  noise  exposure  is  decreased 
from  35  to  32  NEF,  does  a community  perceive  this  decrease? 

5.  Selection  of  a noise  exposure  methodology  which  best 
reflects  community  response  to  airport  noise.  A hypothetical 
example  can  be  used  to  illustrate  this  objective.  It  may 

be  that  annoyance  to  airport  noise  is  primarily  associated 
with  remembered  response  to  the  loudest  group  of  flyovers 
which  occur  on  any  qiven  day.  Assume  that  an  additional 
group  of  aircraft  operations  is  introduced  at  a minimum 
of  5 dB  below  the  level  of  this  loudest  group  of  flyovers. 

If  the  loudest-group-of-flyovers  hypothesis  is  valid, 
annoyance  response  from  the  community  will  remain  unchanged. 
However,  if  the  mean  peak  level,  utilizing  an  engineering 
calculation  procedure  such  as  dBA  or  PNdB,  was  used  to 
measure  noise  exposure,  it  would  indicate  that  noise  exposure 
had  decreased.  On  the  other  hand,  if  an  energy  summation 
approach  such  as  Ldn  were  to  be  employed,  it  would  indicate 
that  noise  exposure  had  increased.  Neither  approach  would 
best  reflect  community  response  to  airport  noise. 

6.  Determine  the  validity  of  the  equal  energy  hypothesis. 

This  objective  is  related  to  the  previous  one  which  involves 
selection  of  a noise  exposure  methodology  which  best  reflects 
community  response  to  airport  noise.  However,  since  the 
equal  energy  hypothesis  is  the  cornerstone  of  the  widely  used 
energy  summation  approaches  such  as  Ldn  and  NEF,  results 
specifically  directed  to  the  validity  of  the  hypothesis  are 
to  be  obtained.  Simply  put,  the  equal  energy  hypothesis  is: 
equal  amounts  of  acoustic  energy  over  equal  time  periods 
result  in  equal  response. 

7.  Determine  a threshold  of  acceptability  for  airport  noise 
exposure  for  persons  during  evening  leisure  time  activities 
in  their  homes. 
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1 .2  Some  Illustrative  Results 


r 


Results  using  two  methods  for  assessing  airport  noise  exposure 
are  provided  in  Figures  1.,  2.,  and  3.  Data  for  takeoff  and  approach 
operations  are  presented  individually  and  the  two  methods  of  assessing 
noise  exposure  are  mean  peak  dBA  levels  and  Leq.  The  time  period 
represented  is  8:00  A.M.  to  3:00  P.M.  for  all  of  the  six  years  investi- 
gated. The  results  are  based  on  state-of-the-art  noise-thrust-distance 
plots  but  corrected  on  the  basis  of  a 1976  measurement  program  (Ref.  1). 
Fleet  mix  and  operations  characteristic  of  the  various  years  investi- 
gated were  used.  Since  for  any  particular  day,  aircraft  operations 
producing  the  noise  at  the  points  investigated  would  be  either  all 
takeoffs  or  all  landings,  results  in  Figures  1.,  2.,  and  3.  are  based 
on  the  premise  that  but  one  type  of  operation  would  take  place  during 
the  time  period  of  interest  (8:00  A.M.  to  3:00  P.M.).  This  approach 
actually  represents  the  manner  in  which  persons  residing  in  the  area 
would  be  exposed  to  the  flyover  noise.  Recordings  from  two  of  the 
points  are  used  for  the  present  study  (Figures  1.  & 3.). 

Turning  to  the  results  of  Figure  1 . as  a means  of  illustrating 
some  of  the  aims  of  this  study,  from  1963  through  1969,  the  mean 
outdoor  peak  dBA  level  for  takeoffs  remained  relatively  constant  at 
approximately  97  dBA  but  dropped  to  93.5  dBA  in  1972  with  a further 
decrease  to  slightly  under  92  dBA  for  1976.  Is  the  mean  takeoff 
decrease  of  3.6  dBA  from  1969  to  1972  perceived  as  an  improvement  for 
those  exposed  to  the  airport  noise  and  does  the  mean  peak  dBA  method 
adequately  reflect  community  response  to  these  changes  in  airport 
operations?  For  the  results  of  Figures  1.,  2.,  and  3.,  on  the  average 
over  a calendar  year,  takeoffs  occur  two-thirds  of  the  time  with 
landings  occurring  one-third  of  the  time.  Remaining  with  the  mean 
peak  dBA  method  for  measuring  noise  exposure,  but  based  on  the  approach 
operations,  approach  noise  increases  by  more  than  4.5  dBA  from  1963 
through  1969,  with  a mean  of  96.6  dBA  in  1969.  As  with  the  decrease 
for  takeoff  noise  between  1969  and  1972  of  3.5  dBA,  possibly  leading 
to  decreased  annoyance,  there  is  the  question  of  whether-or-not  there 
is  a corresponding  increase  in  community  aircraft  noise  annoyance 
resulting  from  this  4.5  dBA  increase  for  approach  noise.  In  addition, 
there  is  the  possibility  of  interaction  effects  between  response  to 
takeoff  and  approach  noise.  In  the  early  1960's,  approach  noise  was 
clearly  at  lower  levels  than  takeoff  noise  while  at  present,  approach 
noise  is,  on  the  average,  higher  than  takeoff  noise  at  this  point 
directly  under  the  takeoff  and  approach  flight  path.  Over  and  above 
questions  concerning  perceived  increases  and  decreases  in  annoyance, 
as  a function  of  changes  in  mean  peak  dBA  levels  and  the  corresponding 
magnitude  of  community  annoyance  changes,  these  results  also  provide 
evidence  relative  to  selection  of  source  noise  control  strategies. 

That  approach  noise  is  louder  than  take-off  noise  from  1972  onwards 
could  easily  lead  to  the  conclusion  that  reduction  of  aircraft  noise 
at  the  source  is  more  important  for  approach  operations  than  for  takeoff 
operations. 
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Remaining  with  the  results  of  Figure  1.,  which  can  be  character- 
ized as  representative  of  noise  levels  relatively  close  to  the  airport 
and  directly  under  the  flight  path,  the  Leq  method  for  measuring  changes 
in  noise  exposure  is  examined.  For  both  takeoff  and  approach  operations, 

Leq  i ncreases  approximately  3 dBA  from  1963  to  1966.  However,  the  approach 
Leq  is  some  10  dBA  less  than  the  takeoff  Leq  so,  for  this  time  period,  it 
would  be  concluded  that  takeoff  noise  almost  completely  determines  the 
Leq  level.  Approach  noise  continues  to  increase  by  some  2.5  dBA  from 
1966  to  1969  and  then  levels  off  from  1969  to  1976,  with  Leq  ranging 
from  74.2  to  74.9  over  that  eight  year  period  while  for  this  same  time 
period,  the  takeoff  Leq  has  decreased  by  approximately  2.5  dBA  and 
levelled  off  between  1972  and  1976.  A comparison  of  results  based  on 
the  mean  dBA  vs.  the  Leq  methods  of  measuring  noise  exposure  shows  that 
different  conclusions  would  be  obtained  as  a function  of  the  method 
used.  During  and  after  1972,  it  would  be  concluded  that  approach  noise 
significantly  impacts  the  community  based  on  the  mean  peak  dBA  method. 
However,  using  the  Leq  method  of  measuring  noise  exposure,  approach 
noise  would  not  be  considered  a significant  factor  for  any  of  the 
yearly  determinations.  Based  on  the  fact  that,  on  the  average,  two-thirds 
of  the  operations  are  takeoffs  and  one-third  are  approaches  for  the  measure- 
ment point  of  Figure  1 . , an  "average"  Leq  (2/3  takeoffs  and  1/3  approaches 
over  the  time  period)  was  calculated.  The  results  are  plotted  as  "A — A" 
in  Figure  1.  This  is  the  usual  approach  for  calculating  an  energy  sum- 
mation exposure  method  such  as  Leq,  Ldn  or  NEF.  The  Leq  plot  based  on 
both  takeoffs  and  approaches  tracks  the  separate  takeoff  Leq  almost 
perfectly.  The  combined  Leq  is,  at  most,  1.8  dBA  less  than  the  takeoff 
Leq  due  to  the  fact  that  but  two-thirds  of  the  takeoffs  are  utilized 
along  with  one-third  of  the  approaches.  From  a comparative  point  of 
view,  approach  noise  does  not  influence  Leq  in  that  differences  between 
various  years  (different  operations)  are  the  same,  with  or  without 
approach  noise.  Utilizing  only  the  Leq  method  for  measuring  airport 
noise  impact,  it  would  be  concluded  that  approach  noise  does  not  impact 
the  community  in  a negative  manner.  In  fact,  under  the  assumption  that 
Leq  validly  reflects  community  noise  annoyance,  a logical  conclusion 
is  that  noise  from  approach  operations  decreases  noise  impact  since  it 
lowers  takeoff  Leq's  by  1.5  to  1.8  dBA  due  to  using  the  average  number 
of  takeoffs  based  on  yearly  operations. 

Results  for  a sideline  measurement  position  (approximately  0.37 
n.  miles  from  centerline)  are  given  in  Figure  2.  Whether  mean  peak 
dBA  or  Leq  is  used  to  track  noise  exposure,  takeoff  noise  levels  pre- 
dominate in  that  takeoff  noise  is  at  least  12  dBA  greater  than  approach 
noise  for  identical  years.  Questions  similar  to  those  for  results  of 
Figure  1.  are  raised.  For  example,  is  the  approximately  3 dBA  increase 
of  the  takeoff  Leq  from  1963  to  1966  perceived  as  an  increase  in  noise 
annoyance?  Also,  is  the  3 dBA  decrease  for  takeoff  Leq  between  1969 
and  1972  experienced  as  a decrease  in  noise  annoyance  and  is  the  magni- 
tude of  this  decrease  comparable  to  the  presumed  increase  between  1963 
and  1966?  Is  approach  noise  actually  of  little  or  no  consequence  at 
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Takeoff  (T/0)  and  Approach  (App)  Mean  Figure  2.  Takeoff  (T/0)  and  Approach  (App)  Mean 

Peak  dBA  and  Leq  Levels  at  3.04  n.  miles  Peak  dBA  and  L«q  Levels  at  2.80  n. 

(5.63  km)  from  brake  release  for  var-  miles  (5.18  Km)  and  .37  n.  miles 

ious  years.  (.68  Km)  from  centerline  for  various 


this  sideline  point  as  Indicated  by  both  noise  exposure  methods? 


Finally,  in  Figure  3,  under  the  flight  path  results  are  provided  at 
slightly  greater  than  five  nautical  miles  from  brake  release.  The  general 
shapes  of  the  four  plots  are  similar  to  those  at  the  three  mile  site 
(Figure  1)  but  the  mean  peak  dBA  levels  for  approach  noise  do  not  Increase 
to  the  extent  that  they  are  greater  than  takeoff  noise  in  the  1972  to  1976 
time  period.  Using  the  Leq  method,  including  approach  noise,  will  clearly 
not  change  the  comparative  differences  for  Leg  based  on  takeoff  noise; 
as  for  the  three  mile  site  results  of  Figure  1,  the  Leq  measurement  method 
suggests  that  approach  noise  is  of  little  or  no  consequence  in  the  measure- 
ment of  noise  Impact  on  the  community. 


YEAR 


Figure  3.  Takeoff  (T/0)  and  Approach  (App)  Mean  Peak  dBA  and  Leq 
Levels  at  5.21  n.  miles  (9.64  Km)  from  brake  release 
for  various  years. 

- 6 - 


2.0 


EXPERIMENT  DESCRIPTION 


Basic  to  the  method  for  obtaining  results  that  could  contri- 
bute to  an  understanding  of  the  seven  aims,  is  the  idea  that  the 
testing  environment  and  conditions  should  simulate  actual  living 
situations  around  airports.  Thusly,  persons  were  to  be  exposed 
to  various  airport  noise  environments  in  a manner  that  could  be 
representative  of  an  in-the-home  airport  noise  exposure.  Since 
the  evening  period  around  airports  results  in  greater  annoyance 
to  airport  noise  (References  2 and  3),  this  time  period  was  used. 

All  noise  conditions  were  presented  during  a 1-1/2  hour  time  period 
and  from  7:00  to  8:30  P.M.  with  the  aim  of  simulating  one-half  of 
the  7:00  to  10:00  P.M.  period  of  an  evening  at  home.  The  following 
is  a summary  of  the  five  areas  involved  in  completing  the  program. 
Detailed  descriptions  of  the  methods  employed  follows  the  summary 
section. 

Procedures  and  Response  Measures:  As  a means  of  obtaining 
results  relevant  to  the  multiple  aims' of  this  program,  subjects  were 
exposed  to  seven  airport  noise  conditions,  each  of  1-1/2  hours  duration. 
Since  one  of  the  aims  involved  scaling  of  methods  for  measuring  airport 
noise  exposure,  magnitude  estimation  judgments  were  obtained  to  all 
seven  airport  noise  conditions.  As  an  adjunct  to  utilization  of  the 
magnitude  estimation  method  to  rate  multiple  noise  events  experienced 
over  a fixed  period  of  time,  all  subjects  were  first  exposed  to  a 
"standard"  noise  condition  for  three  consecutive  sessions.  Subjects 
then  utilized  their  experience  with  this  standard  condition  as  a base 
for  rating  the  various  airport  noise  conditions.  In  all,  each  subject 
was  expected  to  participate  in  eight  1-1/2  hour  sessions  for  a total 
of  12  hours.  The  main  response  measures  obtained  at  the  completion  of 
each  session  were: 

1.  Magnitude  estimation  judgments. 

2.  Whether-or-not  noise  condition  is  acceptable. 

3.  Interference  with  listening 

Annoyance  rating  if  there  were  listening  interference. 

4.  Interference  with  speaking 

Annoyance  rating  if  there  were  speaking  interference. 


Participants:  So  that  participants  were  representative  of  the 
population  at  large,  they  were,  as  much  as  possible,  selected  so  that 
a wide  range  of  socio-economic  levels  was  represented.  In  all,  forty 
eight  persons  took  part  in  the  study  with  males  and  females  being 
equally  represented.  Eight  persons  were  simultaneously  exposed  to  the 
various  noise  condtions. 
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Listening  Environment:  The  testing  environment  is  designed  to 
represent  a typical  living  room  in  a smaller  home  or  apartment  with 
kitchen  facilities  within  the  main  testing  chamber.  Toilet  facilities 
for  both  sexes  are  adjacent  to  the  main  chamber.  Since  eight  persons 
were  exposed  at  the  same  time  to  various  airport  noise  conditions, 
possible  interactions  between  room  acoustics  and  presentation  levels 
at  each  of  the  eight  listening  positions  were  determined.  Presentation 
of  the  aircraft  flyover  noise  was  via  six  direct  radiation  speakers 
with  four  means  of  controlling  amplification  so  that  level  was  comparable 
at  the  various  listening  positions. 

Flyover  Signals  and  Airport  Noise  Conditions:  The  flyovers  were 
recorded  at  two  locations  directly  under  the  flight  path  and  south  of 
Seattl e-Tacoma  International  Airport.  Number  of  flights  and  noise  level 
were  chosen  so  as  to  be  representative  of  realistic  conditions  which 
would  contribute  to  the  aims  of  the  study.  Characteristics  of  the  seven 
conditions  are  given  in  Table  I. 


Table  I.  Summary  Descriptions  of  Seven  Airport 
Noise  Conditions 


S' 

Qualitative 

Description 

No.  of 
Flyovers 

Condition 

Leq 

Mean  Peak 
dBA  Levels 

Range  of  Peak 
dBA  Levels 

i 

Standard 

12 

45.5 

62.4 

54.7  to  69.6 

2 

Stand,  plus  6dBA 

12 

51.4 

68.4 

60.7  to  75.6 

3 

Stand,  minus  6dBA 

12 

39.9 

56.4 

48.7  to  63.6 

4 

"Old"  Noise  Envir. 

6 

52.1 

68.8 

62.9  to  71.7 

5 

"New"  Noise  Envir. 

18 

51.9 

64.4 

59.1  to  70.9 

6 

In  route  climb 
(IRC)  T/0 

12 

41.6 

57.0 

48.2  to  60.5 

7 

Deep  Thrust  (DT)  T/0 

12 

38.9 

54.3 

48.8  to  60.5 

Physical  Acoustical  Analyses:  The  basis  for  the  analyses  of  all 
noise  conditions  was  1/3-octave  band  analyses  in  accordance  with  speci- 
fications detailed  in  FAR-36.  As  a means  of  measuring  total  noise  exposure 
some  109  variations  on  various  approaches  were  examined.  The  1 /3-octave 
results  were  based  on  real  time  analyses  of  flyovers  as  heard  in  the 
listening  chamber.  Engineering  calculation  procedures  emphasized  in 
development  of  the  various  noise  measures  were  dBA,  PNdBj  (PNdB  tone 
corrected  according  to  FAR-36),  and  dBH  (Ref.  4). 
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2.1  Procedures  and  Response  Measures 


A total  of  48  people  was  exposed  to  the  seven  airport  noise 
conditions,  with  each  condition  lasting  for  1-1/2  hours.  The  48 
subjects,  of  whom  half  were  female,  were  divided  into  six  groups 
of  four  men  and  four  women  so  that  each  group  consisted  of  eight 
persons.  Each  group  was  required  to  come  to  eight  experimental 
sessions.  Sessions  took  place  in  a comfortable  living-room  type 
environment  and  occurred  from  7:00  to  8:30  P.M.  Each  subject  chose 
a seat  within  the  test  room,  and  was  requested  to  spend  the  session 
as  he  would  in  his  own  home.  A television  was  provided,  along  with 
magazines  and  playing  cards.  Conversations  were  allowed,  and  subjects 
could  leave  their  seats  freely.  There  was  a kitchen  area  within  the 
test  room,  with  a coffee  pot  and  refrigerator.  Rest  rooms  were  in 
an  adjacent  area.  Though  subjects  were  allowed  to  move  around  freely, 
they  were  asked,  when  sitting,  to  sit  only  in  the  seat  they  chose 
initially  and  to  use  that  seat  for  all  remaining  seven  sessions. 

The  first  three  sessions  took  place  on  the  evenings  of  a Monday, 
Tuesday  and  Wednesday,  and  were  presentations  of  the  standard  condition, 
which  is  designated  as  condition  #1.  Subjects  were  told  that  these 
sessions  were  to  be  rated  10.  The  following  five  sessions  took  place 
on  the  evenings  of  Monday  to  Friday  of  the  following  week.  The  first 
of  these  sessions  was  a repeat  of  condition  #1,  but  the  subjects  were 
not  told  that  this  was  a repeat  of  the  standard  session.  The  next 
two  sessions  were  conditions  #2  and  #3,  in  varying  order.  Of  the  six 
groups  of  eight  people,  three  groups  heard  conditions  #4  and  #5  in  the 
final  two  sessions,  and  three  heard  conditions  #6  and  #7.  This  experi- 
mental design  is  shown  in  Table  II.  As  each  condition  was  recorded  on 
three  magnetic  tapes,  labelled  A,  B,  and  C,  the  playing  order  of  the 
tapes  was  varied  for  the  standard  session  (condition  #1)  and  conditions 
#2  and  #3,  as  these  conditions  contained  the  same  flyover  events;  the 
aim  of  changing  tape  presentation  orders  was  to  reduce  the  possibility 
of  any  memorizing  effects.  Tape  presentation  order  is  also  shown  in 
Table  II. 

Before  the  start  of  the  first  standard  session,  the  experimental 
observer  read  the  following  introductory  remarks  to  the  subjects: 

" fty  name  is and  I'll  be  with  you  for  all  eight 

sessions.  Since  we  will  want  you  to  occupy  the  same  seat 
during  all  eight  sessions,  we  should  work  seating  out  tonight. 

You  may  spend  the  1-1/2  hours  as  you  like  --  by  reading, 
knitting,  conversing,  watching  television,  or  engaging  in  some 
leisure  time  games  (we'll  have  playing  cards  at  the  table  and 
a cribbage  set  or  two).  How  you  spend  the  time  is  up  to  you. 

You  may  leave  your  seat  but  when  you  do  sit  down,  we  want  you 
to  always  sit  in  the  same  seat.  I hope  that  this  will  help 
and  that  we  can  select  seats  now." 


- 9 - 


Presentation  order  of  seven  experimental 
conditions  to  six  groups  of  subjects. 
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Then  he  read  the  following  instructions,  which  were  also 
read  to  the  subjects  before  each  of  the  succeeding  two  standard 
sessions: 

"The  condition  you  will  be  experiencing  tonight  is  ("again"- 
inserted  for  second  and  third  evenings  of  the  standard)  the 
standard  condition.  It  is  given  the  number  10.  The  idea  is 
to  remember  as  best  that  you  can  this  standard  condition 
which  will  occur  over  the  1-1/2  hour  period.  For  conditions 
occurring  during  1-1/2  hour  periods  during  later  sessions, 
we'll  ask  you  to  rate  these  conditions  in  proportion  to  your 
evaluation  of  this  standard  condition.  For  example,  if  you 
think  that  a later  session  is  twice  as  annoying  as  the  stan- 
dard you  would  assign  the  number  "20"  to  that  session.  If 
one-half  as  annoying,  you  would  rate  that  session  as  "5". 

If  just  slightly  more  annoying,  you  might  rate  the  session  as 
"11"  or  "12"  and  so  on.  To  all  of  the  evaluations  you'll 
be  making,  we  want  your  own  individual  opinion.  We'll  be 
obtaining  some  kind  of  evaluations  at  the  end  of  each  session." 

At  the  end  of  each  session,  the  subjects  were  asked  to  fill  out 
the  following  evaluation  form.  For  the  three  standard  sessions,  they 
were  instructed  to  give  a Session  Rating  of  10. 


SESSION  EVALUATION  FORM  I 


NAME  DATE 

SEAT  NUMBER  SESSION 


1.  Session  Rating  . 

2.  If  the  sounds  experienced  here  were  to  occur  in  the  same  manner  during 
your  usual  leisure  hours  at  home,  would  they  be  acceptable  to  you? 

YES NO 

3.  Did  any  of  the  sounds  interfere  with  your  listening  to  television 
or  to  another  member  of  the  group  while  they  were  talking? 

YES  NO 

If  your  answer  is  YES,  use  the  following  to  rate  annoyance  you  could 
have  experienced  due  to  interference  with  a listening  activity. 


- 11  - 


The  interference  with  listening  was: 

A.  Almost  Intolerable 

B.  Very  Much  Annoying 

C.  Moderately  Annoying 
b.  Very  Little  Annoyance 
E.  Not  At  All  Annoying 

If  your  answer  is  NO,  did  any  sounds  occur  while  you  were  listening 
to  television  or  to  another  member  of  the  group  while  they  were 
talking? 


YES  NO 


4.  Did  any  of  the  sounds  interfere  with  your  talking  (your  own  speech) 
to  another  member  of  the  group? 


YES  NO 


If  your  answer  is  YES,  use  the  following  to  rate  annoyance  you  could 
have  experienced  due  to  interference  with  your  talking  to  another 


member  of  the  group. 

A. 

Almost  Intolerable 

B. 

Very  Much  Annoying 

C. 

Moderately  Annoying 

D. 

Very  Little  Annoyance 

E. 

Not  At  All  Annoying 

If  your  answer  is  NO,  did  any 

sounds  occur  while  you  were  talking 

to  another  member  of  the  group? 

YES  NO 

For  the  five  experimental  sessions  in  the  second  week,  the 
observer  read  the  following  instructions: 

"As  mentioned  on  the  three  occasions  that  you  experienced  the 
standard  session,  it  has  a rating  of  "10"  and  that  you  would 
be  using  your  evaluation  of  the  standard  session  to  rate  later 
sessions.  The  idea  is  to  rate  this  session  in  proportion  to 
the  standard  session  using  numbers.  If  this  session  has  about 
the  same  annoyance  value  as  the  standard  session  you  will  give 
it  the  number  "10".  If  the  session  you  have  just  experienced 
is  twice  as  annoying  for  you  avthe  standard  session,  you  will 
rate  it  as  "20"  on  your  answer  sheet.  If  1/2  as  annoying  as 
the  standard  session  you  will  rate  it  as  "b".  If  about  1/4 
as  annoying  you  would  rate  this  session  as  2.5.  If  just 
slightly  more  annoying  than  the  standard  session  you  might 
assign  the  present  session  a rating  of  "11"  or  "12"  and  so 
on.  As  with  other  evaluations,  we  want  only  your  personal 
evaluations  of  the  total  sound  experience  for  this  session." 
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The  same  evaluation  form  was  used  following  these  sessions  as 
for  the  standard  session.  After  the  final  sessions,  the  following 
three  questions  were  added  to  the  evaluation  form.  The  aim  of  these 
three  questions  was  to  have  a means  of  examining  the  possibility  that 
annoyance  with  other  members  of  the  group  could  lead  to  higher  noise 
annoyance  ratings. 


5.  Old  you  find  other  persons  in  the  group  interesting  to  be  with? 

YES  NO 


If  YES,  how  many?  Circle  one:  1 234667 

6.  Were  there  persons  in  the  group  whom  you  found  annoying? 

YES NO 


If  YES,  how  many?  Circle  one:  1 234567 

7.  Do  you  expect  the  sessions  would  have  been  more  pleasant  for  you 
if  you  could  have  selected  the  other  seven  members  of  the  group? 

YES  NO 


Additionally,  at  the  end  of  this  final  session,  subjects  were 
asked  to  report  their  estimate  of  the  average  number  of  flyovers  they 
had  heard  each  evening. 


2.2  Participants 


Prior  to  taking  part  in  the  experiment,  each  subject  was  examined 
audiologically  and  was  required  to  fill  in  a noise-oriented  question- 
naire, as  there  was  interest  in  determining  whether  the  group  as  a 
whole  could  be  considered  representative  of  a general  adult  population. 
Following  are  summaries  of  results  from  some  of  the  questions.  The 
question  or  characteristic  investigated  is  provided  along  with  the 


responses. 

(1)  How  do  you  like  living  in  this 
neighborhood? 

Do  you  rate  it  as  an  excellent 
good,  fair,  poor,  or  very  poor 
place  to  live? 


Female 

Male 

Excellent 

45.8% 

33.3% 

Good 

41.7% 

37.5% 

Fair 

8.3% 

20.8% 

Poor 

4.2% 

8.3% 

Very  Poor 

0% 

0% 

Thus,  7H  of  males  and  88%  of  females  rate  their  neighborhood 
as  an  excellent  or  good  place  to  live. 
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(2) 


Do  you  like  many  things,  just 
a few  things,  hardly  anything 
or  nothing  at  all  about  living 
around  here? 


Generally,  the  group  is  positi 
concordance  with  paragraph  (1). 


Female 

Male 

Many  things 

83.3% 

62.5% 

A few  things 

12.5% 

29.2% 

Hardly  anything 

0% 

8.3% 

Nothing  at  all 

4.2% 

0% 

about  their  neighborhood,  in 


(3)  What  are  some  of  things 

you  don't  like  about  living 
in  your  neighborhood? 

When  the  responses  to  this  open-ended  question  were  examined,  it 
was  found  that  45. 8%  males  and  33. 3*  females  spontaneously  mentioned 
noise  as  a factor  disliked  in  the  neighborhood.  Of  the  24  males  ques- 
tioned, seven  mentioned  traffic  noise,  one  airport  noise,  one  boats  and 
trains,  three  noise  from  neighbors  and  one  dogs;  seven  of  the  females 
mentioned  traffic  noise  and  two  airplanes. 


(4)  How  noisy  or  quiet  do  you 
think  this  neighborhood  is? 
Very  noisy,  somewhat  noisy, 
somewhat  quiet,  very  quiet? 


Females 

Males 

~Yery  noisy 
Somewnat  noisy 
Somewhat  quiet 
Very  quiet 

No  answer 

TTi- 

25.0% 

37.5% 

29.2% 

4.2% 

2o!s% 

54.2% 

12.5% 

4.2% 

The  perception  of  the  neighborhood  as  quiet  predominates  for 
these  subjects,  in  similar  proportions  for  both  sexes,  66.7%  of  both 
females  and  males  using  the  ratings  "somewhat"  or  "very  quiet." 


(5)  When  you're  inside  your 
house,  does  noise  in  the 
neighborhood  bother  or  annoy 
you  very  much,  moderately, 
very  little  or  not  at  all? 


Female 

Male 

Very  much 

4.2% 

8.3% 

Moderately 

12.5% 

25.0% 

Very  little 

54.2% 

37.5% 

Not  at  all 

29.2% 

29.2% 

Hales  in  this  group  tend  to  be  more  annoyed  by  neighborhood 
noise,  33.3%  reporting  very  much  or  moderate  annoyance,  compared  to 
16.7%  of  females. 


- 14  - 


\ 


(6)  When  you're  inside  your  house, 
which  is  the  MOST  bothersome 
noise  from  the  neighborhood 
you  hear? 


Category 

Female 

Male 

Traffic 

— FD.'OX 

H503T 

Neighbors 

20.3% 

20.8% 

Planes  and  helicopters 

16.7% 

8.3% 

Dogs  and  cats 

12.5% 

8.3% 

Other 

16.7% 

20.8% 

Nothing 

4.2% 

8.3% 

Traffic  noise  comprises  the  most  often  mentioned  category  of 
bothersome  noise,  with  noises  from  neighbors  second  in  frequency. 
Some  subjects  gave  multiple  responses,  hence  the  percentage  totals 
are  over  100. 


(7)  Each  subject  responded  to  a ten  item  noise  sensitivity  test, 
which  has  been  used  in  previous  studies  (Ref.  6),  using  the 
following  category  scale: 

a.  extremely  annoying 

b.  moderately  annoying 

c.  slightly  annoying 

d.  not  annoying 

Answers  were  scored  as  0 (for  not  annoying),  1,  2,  or  3 (for 
extremely  annoying).  For  the  ten  items,  therefore,  scores  could 
range  from  0 to  30.  


Females 

Males 

Mean 

Standard  Deviation 

Range 

17.9 

4.04 

9 - 26 

19.5 

5.24 

9 - 29 

Earlier  work  (Ref.  5)  shows  mean  scores  at  approximately  lb. 
The  means  in  this  study  are  somewhat  higher,  which  could  be  due  to 
the  present  subjects  being  more  sensitive  to  noise  than  the  general 
population,  and  thus  being  more  interested  in  taking  part  in  a noise 
study,  or  because  increased  publicity  about  noise-related  questions 
has  perhaps  made  people  more  willing  to  rate  themselves  as  being 
noise  sensitive. 


For  Jata  analysis  purposes,  the  subjects  were  split  up  into 
two  nalves,  one  naif  experiencing  experimental  conditions  #1,  »2, 
#3,  #4,  and  #5,  and  the  other  conditions  #1,  #2,  #3,  ?6,  and  *7. 
To  ensure  no  bias  in  noise  sensitivity  between  these  two  halves, 
scores  on  this  test  were  compared. 


Subjects  hearing 
#1  - #5 

Subjects  hearing 
#1  - # 3,  *6,  *7 

Mean 

18.8 

18. 1 

Standard  Deviation 

4.05 

5.31 

Range 

10  - 27 

9 - 29 

(8)  Compared  to  other  people,  are 
you  more  aware  of  noise  than 
others,  about  the  same  as 
others,  or  less  aware  of  noise 
than  other  persons? 


Females 

1 

Males  ' 

More  aware 

37.5% 

37.5% 

Same 

58.3% 

45.8% 

Less  aware 

4.2% 

16.7%  | 

J 

Clearly,  these  subjects  do  not  consider  tnemselves  unaware  of 
noise  compared  with  other  people,  though  most  consider  themselves  of 
average  sensitivity. 


(9)  Some  people  have  said  that 
"pollution  is  one  of  the 
biggest  problems  of  modern 
times."  Would  you  agree 
strongly,  agree  somewhat, 
disagree  somewhat,  or  disagree 
strongly  with  this  statement? 


Females 

Males 

Agree  stronqly 
Agree  somewhat 
Disagree  somewhat 
Disagree  strongly 

58.3% 

37.5% 

4.2% 

0% 

54.2% 

45.8% 

0% 

Apart  from  one  female,  all  subjects  agree  to  some  extent  that 
pollution  is  a serious  problem. 


(10)  This  section  provides  information  relative  to  socio-economic 

levels,  such  as  number  of  years  of  schooling  completed,  income 
occupation  and  age  of  participants. 


SCHOOLING  COMPLETED 


Females 

Males 

Average  number  of  years  of 

schooling  completed 

13.6 

14.4 

Range  of  years  completed 

10  - 20 

8 - 21 
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A wide  range  of  educational  experience  is  represented,  with 
a number  of  colleqe  qraduates  in  both  male  and  female  groups.  Some 
subjects  were  still  completing  graduate  and  post-graduate  study  duri.ig 
the  period  of  the  experiment. 

YEARLY  FAMILY  INCOME 


Fema 1 e 

Male 

Under  $5,000 

' 1275% 

12.5% 

5,000  - 9,999 

48.8% 

41.7% 

10,000  - 14,999 

16.7% 

16.7% 

15,000  - 19,999 

4.2% 

12.5% 

20,000  or  more 

20.8% 

16.7% 

There  is  a wide  range  of  yearly  incomes,  with  the  largest 
number  in  the  $5,000  - 9,999  p.a.  bracket. 


SUMMARY  OF  AGES  FOR  PARTICIPANTS 


Age  Category 

Female 

Male 

20  - 24 

4.2% 

4.2% 

25  - 29 

25.0% 

50.0% 

30  - 34 

4.2% 

12.5% 

35  - 39 

12.5% 

12.5% 

40  - 44 

12.5% 

8.3% 

45  - 49 

12.5% 

8.3% 

50  - 54 

8.3% 

4.2% 

55  - 59 

8.3% 

0% 

60  - 64 

0% 

0% 

65  - 69 

12.5% 

0% 

As  wide  an  age  range  as  possible  was  included  in  this  study. 
Median  age  for  the  females  was  42  and  for  the  males  29. 


(11)  Results  from  the  attitudinal  items  have  greater  meaning  when 
compared  to  those  obtained  from  the  population  at  large. 
Responses  to  these  same  questions  were  gathered  from  adult 
respondents  living  in  659  randomly  selected  households  (Ref.  6), 
intended  to  be  representative  of  the  general  population. 

Results  from  that  study  are  here  compared  with  those  obtained 
in  the  present  study. 
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The  paragraph  number  in  the  first  column  corresponds  to  the 
numbered  paragraph  of  this  section  in  which  more  detailed 
results  are  presented.  Under  "Item,"  a synopsis  of  the  ques 
tior  is  given,  while  the  third  column  gives  the  "Category" 
of  response  that  was  studied  for  comparison. 


COMPARISON  OF  SOME  ATTITUDINAL  RESULTS 
WITH  THOSE  FROM  A PREVIOUS  STUDY 


Par'd” 

No. 


(1 

(2 

(3) 

(4) 
(d) 
(9) 


Item 

Category 

aaw 

Present  Study  1 

F 

M 

Rate  neighborhood? 

Excellent 

45.8% 

33.3% 

How  many  things  liked? 

Many  things 

83.3% 

62.5% 

Things  not  liked? 

*Open-ended 

23 % 

33.3% 

45.8% 

How  noisy  or  quiet? 

Somewhat  quiet 

42% 

37.5% 

54.2% 

Awareness  of  noise? 

More  aware 

24% 

37 . 5% 

37.5% 

Pollution  question 

Agree  strongly 

66% 

58.3% 

54.2% 

★ 


% is  for  those  who  stated  some  noise  not  liked. 


Using  the  data  reported  in  paragraphs  (1)  - (10),  and  the  com- 
parisons of  paragraph  (11),  a general  profile  of  the  subjects  can  be 
formed. 

Both  males  and,  more  markedly,  females  are  more  inclined  to  rate 
their  neighborhood  highly  than  those  from  the  larger  random  sample. 

The  present  subjects  also  show  a much  stronger  tendency  than  the 
general  sample  to  report  that  they  like  "many  things"  about  their 
neighborhood,  with  again  the  trend  showing  more  in  the  females. 

The  subjects  are  more  apt  spontaneously  to  cite  noise  as  a 
neighborhood  problem  than  the  random  sample,  with  males  mentioning 
noise  more  often.  This  would  support  the  subjects'  claim  that  they 
are  more  aware  of  noise  than  other  people,  which  the  respondents 
in  the  general  sample  claimed  less  often. 

However,  the  subjects  apparently  are  no  more  or  less  likely  to 
perceive  their  neighborhoods  as  noisy  than  the  general  population,  to 
judge  from  their  use  of  the  rating  "somewhat  quiet"  of  46*. , averaged 
over  males  and  females,  compared  with  the  larger  study  which  reported 
4 n. 


The  subjects  represent  a wide  range  of  ages  and  incomes,  tend 
to  like  their  neighborhoods,  and  appear  to  be  somewhat  more  highly 
sensitive  to  noise  than  a larger,  random  sample  of  people. 
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1 

2.3 

1 Listening 

I 

j Environment 

The  listening  room  is  designed  to  resemble  normal  or  usual 
living  conditions,  with  two  interconnected  areas,  one  containing 
a couch,  an  easy  chair,  a coffee  table,  and  a television,  and  the 
ether  being  fitted  with  a sink,  counter  (with  cupboards  above), 
refrigerator,  kitchen  table  and  four  chairs  (a  floor  plan  is  shown 
in  Figure  4).  Both  areas  are  fitted  with  a shag  carpet,  and  a 
curtain  was  draped  across  the  wall  behind  the  television  to  reduce 
reverberation.  The  entire  area  measures  23'b"  (7.14m)  by  9’7" 

(2.92m),  with  a height  of  8'5"  (2.67m).  The  kitchen  area  is  8‘2" 

(2.49m)  long  and  is  divided  from  the  television  viewing  area  by 
a partition  4'3"  (1.30m)  by  5"  (0.13m). 

Four  subjects  were  seated  in  each  area,  resulting  in  eight 
listening  positions.  Four  "Speakerlab  2"  loudspeakers  were  used 
in  the  television  area  stacked  in  two  "columns"  of  two,  in  the  smaller 
more  reverberant  kitchen  area,  a large  Advent  loudspeaker  was  built 
into  the  ceiling  over  the  table  and  a small  Advent  loudspeaker  was 
set  on  top  of  the  cupboards.  Four  amplifier  channels  were  used, 
one  for  each  of  the  kitchen  area  speakers  and  one  for  each  of  the 
television  area  columns,  with  separate  volume  controls  for  each 
channel . 

The  playback  system  consisted  of  a TEAC  3300  tape  recorder,  OBX 
122  compander,  a Hewlett  Packard  HP  360D  attenuator  and  two  Macintosh 
amplifiers,  types  2100  and  250.  This  equipment  was  kept  in  an  adjacent 
control  room. 

The  sounds  in  the  listening  room  could  be  monitored  via  a Bruel 
and  Kjaer  1"  microphone  type  4117  concealed  behind  a painting  and  con- 
nected to  a type  2205  sound  level  meter  in  the  control  room.  During 
experimental  sessions  this  was  connected  to  a B and  K 2307  level  re- 
corder and  4420  statistical  distribution  analyzer,  so  that  the  distri- 
bution of  levels  throughout  the  session  for  the  total  noise  environment 
(due  to  speech,  television,  etc.,  as  well  as  the  recorded  flyovers) 
could  be  compared  with  that  due  to  the  flyovers  alone. 

With  nine  people  in  the  room,  representing  eight  subjects  and 
one  experimenter,  pink  noise  was  played  through  all  six  speakers  and 
the  channels  adjusted  to  give  as  near  equal  dBA  levels  as  possible 
at  each  of  the  eight  listening  positions. 

Then  1/3  octave  pink  noise  responses  were  measured  at  each  of  the 
listening  positions,  with  eight  people  in  the  room,  and  a large  absorbent 
cushion  (the  "dummy")  at  the  position  being  investigated.  The  responses 
were  repeated  with  no  people  in  the  room,  though  the  "dummy"  was  used. 

The  microphone  was  positioned  at  the  approximate  position  of  the  listener's 
head  and  the  "dummy"  was  used  to  reduce  reflections  from  the  seat  surface. 
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Differences  were  observable  between  the  eight  positions  and, 
at  any  one  position,  between  two  conditions:  with  people  and  without 
people  in  the  room.  The  eight  positions  clustered  into  two  groups, 
the  four  in  the  kitchen  area  and  the  four  in  the  television  area. 

Four  flyovers  were  also  played  into  the  room  and  the  peak  dB(A) 
levels  measured,  with  eight  people  and  the  "dummy"  present,  at  each 
of  the  eight  positions,  and  peak  dB(A),  peak  PNLT  and  EPNL  calculated 
at  two  positions,  one  in  the  kitchen  area  and  one  in  the  television 
area. 

It  was  found  that  for  pink  noise,  dB(A)  varied  between  the 
eight  positions  by  1.2  dB  (people  present)  and  by  1.1  dB  (people  absent) 
(See  Table  III.).  The  two  flyovers  were  found  to  vary  in  peak  dB ( A ) 
between  the  eight  positions  (people  present)  by  1.9  dB  for  one  and 
I.d  dB  for  the  other.  Using  the  two  positions  (people  present),  the 
levels  differed  for  the  two  flyovers  by  +1.3  dB  and  0.0  dB  for  peak 
dBA,  0.0  dB  and  +1.0  dB  for  peak  PNLT,  and  -2.6  and  -0.4  dB  for  EPNL. 
(See  Table  IV.) 

A further  test  was  run  using  two  flyovers  to  compare  the  presence 
and  absence  of  people  using  one  position  in  the  television  area.  The 
differences  between  people  present  and  people  absent  were  found  to  be 
+1.2  and  -0.1  db  (measuring  peak  dBA),  +0.2  and  -0.9  dB  (peak  PNLT), 

+0.  b and  +0.4  dB  (EPNL).  (See  Table  V.) 

It  was,  therefore,  decided  that  the  differences  between  people 
present  and  people  absent  were  no  greater  than  those  between  different 
positions  and  that  the  differences  between  the  positions  were  not  large 
enough  to  be  significant.  Further  analyses  were  carried  out  without 
people  present  and  using  the  "T.V.  position"  as  being  representative 
of  all  the  listening  positions. 


i 


Table  III:  dBA  for  pink  noise  measured  at  the  eight 
listening  positions. 


KlSITION  # 

1^ 

r 

3 

4 

— g- 

7 

8 

range: 

People 

Absent  * 

75.3 

74.8 

75.0 

75.2 

75.3 

75.7 

75.9 

75.0 

1.1 

People 

Present* 

62.6 

61.3 

62.0 

62.3 

61.5 

61.6 

61.3 

62.5 

!.2  | 

♦There  were  different  Input  levels  for  the  two  conditions. 


Table  IV:  Levels  measured  for  two  flyovers  at  two  listening 
positions,  with  people  present. 


KITCHEN 

POSITION 

TV 

POSITION 

DIFFERENCE 

Flyover  1 

67.4 

66.1 

1.3 

Flyover  2 

65.1 

65.1 

0.0 

Flyover  1 

79.6 

79.6 

0.0 

<u  ± 

Flyover  2 

79.9 

78.9 

1.0 

CO 

Flyover  1 

30.2 

82.8 

-2.6 

z 

Q. 

Q 

Flyover  2 

79.1 

79.5 

-0.4 

Table  V:  Levels  measured  for  two  flyovers  at  a position  in 
the  television  area,  comparing  people  present 
with  people  absent. 


PEOPLE 

PRESENT 

PEOPLE 

ABSENT 

DIFFERENCE 

Flyover  1 

75.7 

76.9 

1.2 

a.  yj 

Flyover  2 

70.4 

70.3 

-0.1 

±r 

«T3  CO 

Flyover  1 

90.3 

90.5 

0.2 

Oi 

CL.  Z 

a. 

Flyover  2 

85.3 

84.4 

-0.9 

CO 

■o 

Flyover  1 

89.8 

90.3 

0.5 

z 

a. 

Ui 

Flyover  2 

82.9 

83.3 

0.4 

I 

I 1 

I 
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2.4  Flyover  Signals  and  Airport  Noise  Conditions 

The  flyovers  selected  for  use  in  this  study  were  recorded 
at  SEATAC  airport  at  two  sites,  almost  directly  under  the  flight 
path.  One  site  was  located  at  3.04  n.  miles  frpm  start-of-rol 1 
and  the  other  at  5.21  n.  miles  from  start-of-rol 1 . Recordings 
from  the  3.04  n.  mile  site  were  used  in  the  standard  condition 
and  conditions  #2,  3,  4 and  5,  while  5.21  n.  mile  recordings  were 
used  in  conditions  #6  and  #7.  The  original  recordings  were  made 
using  GenRad  1"  and  1/2"  electret  microphones  (types  1961  and  1962), 
Uher  4200  and  4400  stereo  tape-recorders,  and  dbx  122  compander 
units  to  ensure  that  the  largest  possible  signal -to-noise  ratio 
was  recorded. 


The  selected  recordings  were  rerecorded,  fading  up  the  starts 
and  down  the  ends  to  achieve  the  maximum  duration  free  from  inter- 
fering noises.  The  rerecordings  were  then  recorded  onto  the  experi 
mental  tapes,  attenuating  them  to  achieve  the  required  levels,  and 
ordering  and  timing  their  presentation  to  fit  the  required  design. 

The  flyovers  were  originally  recorded  outdoors.  It  was  found 
tnat  the  various  stages  of  rerecording,  together  with  the  response 
of  the  playback  system,  produced  a drop  in  high  frequency  response, 
measured  in  the  presentation  room,  similar  to  that  given  in  AIR  1081 
(Ref.  7)  as  a typical  house  noise-reduction.  Therefore,  no  further 
weighting  was  used  to  attain  an  indoor  quality. 

The  seven  conditions  to  be  studied  in  this  experiment  were 
chosen  to  represent  different  realistic  airport  fleet  mixes.  The 
"standard"  condition  (condition  #1)  was  chosen  to  represent  the  six 
basic  categories  of  jet  transport  aircraft: 


(707,  DC-8) 

707,  DC-8) 

(727) 

(737,  DC-9) 

4-engined  high-bypass  ratio  turbofans  (747) 

3-engined  high-bypass  ratio  turbofans  (DC-10,  L1011) 


4-engined  turbojet 
4-engined  turbofans 
3-engined  turbofans 
2-engined  turbofans 


One  take-off  and  one  landing  of  each  category  was  used,  making  twelve 
events.  The  average  peak  dBA  sound  level  for  each  operation  in  each 
category  was  calculated  for  the  recording  (3.04  n.  miles  from  start- 
of-rol  1)  and  these  levels  were  used  to  determine  the  relative  levels 
of  the  twelve  events  in  condition  #1.  The  order  of  presentation  was 
randomized  and  spread  unequally  through  the  90  minute  experimental 
period,  though  four  presentations  occurred  every  30  minutes.  The 
presentation  level  of  condition  #1  was  chosen  to  give  an  Leq  value 
of  4t>  dBA.  Conditions  #2  and  #3  were  identical  to  #1 , except  that 
#2  was  presented  at  a level  6 dB  louder  and  #3,6  dB  quieter. 
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The  order  and  timing  of  the  events  In  conditions  #1,  #2,  and  #3 
are  shown  in  Table  VI. 

Condition  #4  was  taken  to  represent  airport  conditions  in  the  past 
which  were  controlled  by  relatively  small  fleets  of  predominately  narrow 
body  4-englne  jets.  Six  takeoff  recordings  were  used,  made  at  3.04  n. 
miles  from  start-of-roll  at  SEA-TAC.  (See  Table  VII). 

Condition  #5  was  chosen  to  represent  more  modem  conditions  with 
large  fleets,  using  high-bypass-ratio  jets.  Eighteen  takeoff  events 
recorded  3.04  n.  miles  from  start-of-roll  were  used.  (See  Table  VIII). 
Relative  levels  of  the  events  within  any  condition  were  based  on  the 
actual  average  levels  recorded  at  the  3 n.  mile  site.  Note  that  Leg 
presentation  levels  are  almost  Identical  for  conditions  #4  and  #5  (52.1 
and  51.9  respectively  - see  Table  I). 

Conditions  #6  and  17  were  based  on  recordings  made  at  a site 
5.21  n.  miles  from  start-of-roll  at  SEA-TAC  airport.  At  this  site  it 
was  found  that  727-200  takeoffs,  using  a "deep  thrust"  procedure,  were  an 
average  9 EPNdB  lower  than  those  using  an  In  route  climb  takeoff  proce- 
dure (as  of  1976).  The  two  conditions  used  the  same  recordings  of  the 
same  twelve  events,  a mixture  of  takeoffs  and  landings  of  a variety  of 
craft,  at  the  relative  levels  measured  at  the  site.  In  condition  #6,  the 
four  recordings  of  727-200  takeoffs  were  set  at  the  levels  for  the  usual 
or  in  route  climb  takeoff  procedure,  and  in  condition  #7  these  four  re- 
cordings were  set  8 dB  lower.  In  presentation  during  the  experiment, 
for  both  conditions  the  recordings  were  played  at  the  same  levels,  except 
for  the  727-200  takeoffs,  resulting  In  a difference  in  Leq  of  about 
3 dBA.  The  events  In  conditions  #6  and  #7  are  shown  in  Table  VIII. 
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Table  VI:  Flyover  events  in  Conditions  #1,  #2,  and  #3. 


FLYI 

OVER  # 

TYPE 

Hum 

Bia 

1 

mm 

Takeoff 

8 

63.3 

<D 

ESH 

Takeoff 

11 

54.7 

Q. 

■ >35  I'll 

Landi ng 

16 

61.7 

h- 

EshSI 

Landing 

21 

69.6 

03 

5 

727 

Landing 

37 

65.4 

<D 

6 

DC-8(TJ ) 

Takeoff 

47 

61.2 

Q. 

737 

Takeoff 

50 

58.6 

727-100 

Takeoff 

53 

60.6 

ra 

727-200 

Takeoff 

69 

63.8 

DC-8(TJ) 

Landing 

73 

68.2 

CL 

Kia  - 

DC-8 (TF ) 

Takeoff 

79 

62.9 

h- 

U 

DC-9 

Landing 

84 

58.4 

* Minutes  from  start  of  Tape  A. 


**  Levels  for  Condition  #1  (standard);  add  approximately 
6 dB  to  obtain  levels  for  condition  #2;  subtract 
approximately  6 dB  for  condition  #3. 


Table  VII:  Events  in  Condition  #4. 


FLYOVER  # 

TYPE 

OPERATION 

■■DESSi 

1 

707(TF) 

Takeoff 

12 

71.2 

2 

DC-8(TJ) 

1 

22 

68.5 

0) 

3 

DC-8(TF) 

Takeoff 

34 

68.9 

CL  CO 
fV 
h- 

4 

707 (TF ) 

II 

45 

71.7 

5 

DC-8(TF) 

Takeoff 

74 

69.7 

1 

6 

DC-8-61 (TF) 

II 

84 

62.9 

* Minutes  from  start  of  Tape  A. 
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Tape  C Tape  B Tape  A Tape  C Tape  B Tape 


r 


Table  VIII:  Events  in  Condition  #5. 


FLYOVER  # 

TYPE 

OPERATION 

PRESENTATION 

TIME* 

PEAK  dBA 
LEVEL 

1 

0C- 10-40 

Takeoff 

3 

DC-9 

II 

7 

<D 

727-200 

II 

11 

70.4 

Q. 

(O 

DC- 10-40 

II 

17 

61.1 

Y- 

727-200 

II 

24 

70.9 

727-100 

II 

26 

67.4 

7 

DC-10-10 

Takeoff 

32 

59.4 

8 

727-200 

II 

40 

70.5 

CO 

9 

DC-10-10 

ll 

44 

60.2 

<u 

CL 

DC-10-10 

ll 

47 

59.1 

ro 

h- 

737 

ll 

49 

65.7 

727-200 

ll 

55 

69.5 

13 

DC-10-10 

Takeoff 

65 

60.1 

14 

DC-10-10 

II 

69 

59.1 

O 

15 

727-200 

ll 

73 

69.3 

8. 

16 

DC-10-40 

ll 

75 

60.3 

to 
\ — 

17 

L1011 

ll 

82 

61.5 

18 

727-200 

H 

87 

70.0 

* Minutes  from  start  of  Tape  A. 


Table  IX:  Events  in  Conditions  #6  and  #7. 


1 

OPERATION 

■HUSH 

PEAK  dBA 

'OVER  # 

mtm 

mna 

1 

747 

Takeoff 

4 

60.5 

59.0 

DC-8(TJ) 

Takeoff 

8 

60.5 

60.5 

IS 

DC- 10 

Landing 

15 

53.6 

53.3 

DC-9 

Landing 

19 

52.5 

52.4 

5 

727-200 

Takeoff 

37 

60.5 

51.3 

6 

707(TF) 

Takeoff 

42 

55.8 

55.6 

DC- 10 

Takeoff 

47 

48.2 

48.8 

727-200 

Takeoff 

53 

59.7 

52.6 

n 

727-200 

Landing 

69 

57.5 

57.5 

TM 

DC-8(TF) 

Landing 

74 

54.9 

54.7 

Iti 

727-200 

Takeoff 

82 

60.1 

52.2 

19 

727-200 

Takeoff 

88 

59.8 

53.3 

* Minutes  from  start  of  Tape  A. 
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2.  b Physical  Acoustical  Analysis 

As  described  above,  a comparative  analysis,  involving  the 
eight  listening  positions  plus  with  and  without  persons  present 
in  tne  listening  chamber,  indicated  that  highly  representative 
noise  data  would  be  obtained  utilizing  one  listening  position 
and  with  no  persons  present.  Thusly,  acoustic  data  for  all 
conditions  were  obtained  in  real  time  at  listening  position  4 
("dummy"  present)  using  a GenRad  1962-9601  1/2"  electret  micro- 
phone and  1560-P42  preamp 1 if ier , amplified  with  a GenRad  1933 
sound  level  meter  and  analyzed  using  a GenRad  1921  real  time 
analyzer  connected  to  a PDP-11/10  computer.  One-third-octave 
band  analyses  (from  t>0  Hz  to  10,000  Hz  center  frequency)  were 
performed  every  1/2  second.  From  this  data,  a number  of  measures 
were  computed  for  each  flyover  in  any  experimental  condition, 
including  peak  oBA,  peak  PNdBy(PNdB  tone-corrected  by  the  pro- 
cedure in  FAR-36)  and  peak  dBH  [using  a weighting  curve  proposed 
by  T.  Higgins,  which  increases  by  6dB/octave  linearly  up  to 
4KHz,  passing  through  zero  at  lKHz,  and  decreases  by  6dB/octave 
from  4KHz  (Ref. 4)].  Duration-corrected  versions  of  these  units 
using  various  intensity  ranges,  including  lOdB  as  used  in  FAR-36, 
and  ASDS  dwell  times  (the  amount  of  time  a specified  level  is 
equalled  or  exceeded)  were  also  computed.  Also,  a mathematical 
weighting  was  applied  to  the  measured  data  to  reconstruct  the 
sound  levels  that  would  have  been  necessary  outside  a house  to 
produce  the  measured  results  inside.  The  weighting  used  was 
the  inverse  of  that  given  in  AIR  1081  (Ref.  7)  as  the  grand 
mean  for  the  attenuation  produced  by  the  different  types  of 
buildings  and  conditions  considered. 

Measures  obtained  for  individual  flyovers  in  any  one  condi- 
tion were  then  combined  in  a number  of  different  ways  to  give 
overall  measures  useful  in  comparing  conditions.  For  instance, 
dwell  times  at  a given  level  (using  "inside"  or  "outside"  data) 
were  summed  to  give  the  total  length  of  time  that  level  was 
equalled  or  exceeded  for  a given  condition.  Logio  values  of  these 
total  dwell  times  were  also  calculated  for  comparison  with  sub- 
jective responses.  Log  sums  of  duration-corrected  dBA  were  cal- 
culated to  determine  Leq,  and  similar  procedures  were  used  for 
dBH  and  PNdBy. 

The  arithmetic  average  of  the  peak  dBA  values  for  the  flyovers 
in  one  condition  was  calculated,  and  the  corrections  added  based 
on  N,  the  number  of  flyovers  occurring  per  hour  in  that  condition, 
as  in  NNI . Using  the  corrections  suggested  by  C.  G.  Rice  (Ref.  8), 
the  corrections  investigated  were  5 Log^N,  10  LogN,  15  Log  N and 
N/6.  NNI  uses  15  LogigN  added  to  the  average  peak  PNdB  (minus  a 
constant).  As  peak  PNdB  was  not  calculated  in  the  analyses  for 
this  study,  average  peak  values  for  dBA,  PNdBy  and  dBA  were  used. 

A listing  of  the  109  methods  examined  are  given  in  Appendix  A and 
these  various  airport  noise  exposure  measurement  methods  are  dis- 
cussed under  Section  3.5  of  this  report. 
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3.0  RESULTS 


The  results  are  provided  In  seven  subsections  which  correspond  to 
the  seven  objectives  of  the  program. 


3.1  Objective  1.  - Effect  of  Takeoff  Procedure 

Response  to  Questions  2,  3,  and  4 (which  are  respectively  concerned 
with  "acceptability  of  the  noise  during  usual  leisure  hours  at  home," 
"interference  vlth  listening  activities,"  and  "interference  with  speech 
activities")  provide  the  basic  results  for  evaluating  the  effectiveness 
of  the  deep  thrust  takeoff  procedure.  Figure  5 provides  the  response 
data.  Acceptability  is  relatively  high  for  both  takeoff  conditions; 
seventy-nine  percent  predict  that  the  in  route  climb  takeoff  procedure 
condition  would  be  acceptable  during  their  usual  leisure  hours  at  home, 
while  some  eighty-four  percent  find  the  deep  thrust  takeoff  procedure 
acceptable.  This  small  difference  cannot  be  considered  as  highly  reli- 
able due  to  the  sample  size  utilized.  However,  the  results  do  provide 
some  indication  that  the  deep  thrust  procedure  condition  is  effective  in 
terms  of  increasing  community  acceptability  to  flyover  events  as  they 
occur  in  living  quarters  around  airports.  Turning  to  Question  3 which 
is  concerned  with  listening  interference,  some  seventy-five  percent  of 
the  participants  report  no  listening  interference  with  the  in  route  climb 
takeoff  condition,  while  for  the  deep  thrust  takeoff  condition,  ninety- 
two  percent  report  no  interference  with  listening.  This  increase  is 
reliable  with  greater  than  90  percent  confidence  using  a one-tailed  test 
in  conjunction  with  a normal  distribution  function;  participants  do  show 
less  interference  with  listening  activities  as  a function  of  the  deep 
thrust  takeoff  procedure  condition.  The  third  set  of  data  in  Figure  5 
(flyover  occurs  but  no  interference  with  listening)  shows  that  for  almost 
all  persons  reporting  no  interference  with  listening  activities,  that  a 
flyover  did  occur  during  a listening  activity.  The  final  set  of  data 
for  Question  3 provides  extent  that  participants  were  annoyed  who  did 
report  Interference  with  a listening  activity.  At  most,  those  who  re- 
ported Interference  were  moderately  annoyed  by  the  Interference  with  the 
listening  activity  and  slightly  more  so  for  the  in  route  climb  takeoff 
condition  than  for  the  deep  thrust  condition.  Question  4 deals  with 
interference  as  a participant  Is  speaking.  The  In  route  climb  takeoff 
procedure  condition  shows  slightly  less  Interference  (963.  no  Interference) 
than  the  deep  thrust  takeoff  condition  (92%  no  Interference).  This 
difference  Is  too  small  to  be  considered  reliable  and  is  primarily  due  to 
the  fact  that  for  many  of  the  participants,  no  flyovers  occurred  as  they 
were  speaking  and  to  a slightly  greater  extent  for  the  In  route  climb 
takeoff  procedures  over  the  deep  thrust  takeoff  condition.  As  for  lis- 
tening Interference  (Question  3),  those  few  participants  experiencing 
interference  with  speaking  rated  this  Interference  as  being,  at  most, 
moderately  annoying. 
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IN  ROUTE  CLIMB  T/O 
Procedure  (Cond.  6) 


aoueXouuy 

aqeaapow 

aouetouuv 

ai»n 

aouaua^jaqui 
qoaads  ou  )nq 
sunDDO  aaAO>C[j 

aouaja^jaqui 
qoaads  on 
tr  NOIiSBOO 


aoue/Coiiuy 
a;pj apoM 

aoue/fouuv 
•inn  ^aA 

aouaua^uaqu).  6ui 
-uaqsj.[  ou  qnq 
sanoDO  JdAoAu 

aouaja^aaquj. 

6inua*su  on 
€ NOIiSBOD 


aiqe^daoov 
Z N0I1S3D0 


§ 


ia  o m o 

n in  N 


iN30H3d 


*A 

> 

C 

o 


o 

o 


2 

3 

*o 

0> 

U 

O 

v. 

o. 


o 

Q> 

to 


.O 

E 

•r- 

U 


01 


3 

O 

fc. 


4- 

O 

c 

o 

u> 


<o 

OL 


£ 


01 

l/> 

c 

0 

Q. 

«/» 

01 
a: 


in 


£ 

3 


- 29  - 


thrust  takeoff  procedure  condition. 


This  comparison  of  results  for  the  In  route  climb  takeoff  procedure 
(condition  #6)  and  the  deep  thrust  takeoff  procedure  (condition  #7) 
provides  evidence  concerning  other  aims  of  this  study  plus  evidence  for 
additional  considerations  relative  to  airport  noise  reduction  strategies 
and  measurement  approaches.  Some  of  these  are: 

1.  Although  there  Is  evidence  that  the  deep  thrust  takeoff 
procedure  Is  effective  In  reducing  listening  Interference 
over  the  in  route  climb  takeoff  procedure  condition,  an 
Important  consideration  in  evaluating  the  differences  in  re- 
sults between  the  two  conditions  Is  the  relatively  low  noise 
exposure  levels  for  both  conditions.  The  Leg  for  the  in 
route  climb  takeoff  procedure  condition  was  41.6  dBA  with 

a mean  peak  level  of  57.0  dBA,  while  the  deep  thrust  takeoff 
condition  had  an  Leq  of  38.9  dBA  and  a mean  peak  dBA  level 
of  54.3  dBA  (See  Table  I).  These  noise  exposure  levels 
are  both  In  a range  of  being  acceptable  for  residential 
living  activities  (see  reference  9);  noise  exposure  for 
both  conditions  Is  at  or  below  a threshold  of  accepta- 
bility. For  lower  level  exposures  which  are  near  a 
threshold  cf  acceptability  in  residential  living  environ- 
ments, differences  between  different  noise  exposure 
conditions  are  not  as  readily  detected.  Thusly,  if  both 
conditions  were  to  have  been  at  relatively  higher  levels, 
there  Is  the  expectation  that  differences  would  have  been 
more  pronounced;  i.e.,  participants  would  have  rated  the 
deep  thrust  takeoff  condition  as  being  more  desirable  than 
the  in  route  climb  takeoff  condition  to  a greater  extent 
than  for  the  present  study. 

2.  Comparison  of  results  based  on  these  two  takeoff  conditions 
also  provides  guidance  relative  to  selection  of  methods  for 
investigating  airport  noise  exposure  effects,  determining 
the  adequacy  of  methods  such  as  Leq  and  mean  peak  dBA,  and 
extent  of  noise  level  differences  required  to  produce  a 
reliable  or  detectable  Increase  or  decrease  In  community 
noise  annoyance  response. 

a.  The  results  show  that  If  only  acceptability  ratings  were 
to  have  been  obtained.  It  could  have  been  concluded  that 
differences  between  the  two  noise  environments  would  not 
be  perceived  by  the  community.  However,  by  using  a rating 
concerned  with  Interference  with  listening  activities 
in  an  Immediate  experimental  situation  (not  remembered 
over  a period  of  time  as  In  community  survey  studies), 
expected  differences  In  response  could  be  obtained.  This 
finding  suggests  that  methods  which  have  characteristics 
of  Immediacy  and  specificity  may  be  required  to  demon- 
strate some  noise  reduction  benefits  as  opposed  to  methods 


which  are  aimed  at  measuring  a more  general  attitude 
of  airport  noise  acceptability  or  noise  annoyance. 


b.  In  respect  to  two  of  the  noise  exposure  methods 
employed,  Leq  and  mean  peak  dBA  level,  the  absolute 
acceptability  difference  (Question  2),  which  is  a 

kind  of  general  evaluation  of  the  two  noise  conditions, 
would  lead  to  the  conclusion  that  Leq's  of  mean  peak 
dBA  are  not  satisfactory  methods  for  measuring  airport 
noise  exposure,  at  least  not  satisfactory  for  the 
range  of  levels  investigated.  However,  the  listening 
interference  results  indicate  that  there  are  response 
differences  to  these  two  noise  environments  and  that 
the  differences  are  reflected  in  the  Leq  and  mean 
peak  dBA  airport  noise  measurement  methods.  The  Leq 
for  the  deep  thrust  takeoff  condition  is  2.7  dBA  less 
than  for  the  in  route  climb  takeoff  condition,  as  is 
the  mean  peak  dBA  difference. 

c.  Evidence  relative  to  the  problem  of  a reliable  or 
detectable  increase  in  noise  exposure  is  also  provided. 
Since  the  difference  between  the  two  takeoff  conditions 
is  2.7  dBA  for  either  Leq  or  mean  peak  dBA  level  and 
since  the  lower  condition  showed  less  listening  inter- 
ference at  greater  than  a 90  percent  confidence  point, 
there  is  evidence  that  a decrease  of  2.5  to  3.0  dBA 
(Leq  or  mean  peak  dBA)  is  a reliable  and  detectable 
difference  relative  to  listening  interference.  This 
should  be  utilized  as  a tentative  conclusion  at  present 
and  examined  further  as  remaining  objectives  are  con- 
sidered along  with  evidence  from  other  applicable 
studies. 

3.  Another  consideration  involves  airport  noise  reduction 
strategies.  Jue  to  the  wide  use  of  the  727  aircraft  and 
its  noise  level  characteristics,  this  aircraft  is  one  of 
the  controlling  factors  relative  to  reducing  noise  exposure 
levels  around  airports.  As  indicated  previously  (see  Ref.  1), 
measurements  show  that  utilization  of  a particular  takeoff 
procedure  will  reduce  takeoff  noise  levels  some  9 EPNdB  at 
5.21  n.  miles  from  brake  release.  There  is  evidence  that 
this  noise  reduction  benefit  occurs  continuously  from  approx- 
imately 4 to  10  n.  miles  from  brake  release,  but  the  extent 
of  the  benefit  is  not  well  documented  across  this  distance. 

Use  of  this  procedure  will  appreciably  reduce  noise  exposure 
in  these  areas  if  the  procedure  is  utilized  by  the  total 
fleet  of  727  aircraft  out  of  an  airport.  However,  there  is 
an  increase  in  noise  over  usual  takeoff  procedures  beginning 
at  approximately  10  n.  miles  from  brake  release.  It  is 
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estimated  that  this  Increase  over  an  In  route  takeoff 
procedure  Is  In  the  neighborhood  of  2 EPNdB.  When 
considering  this  deep  thrust  procedure  as  a noise  reduc- 
tion strategy,  the  extent  of  area  benefltted  by  the 
procedure  plus  the  extent  of  Increase  in  noise  levels 
at  distances  greater  than  10  n.  miles  from  brake  release 
should  be  determined  via  a measurement  program.  Our 
expectation  Is  that  an  average  increase  of  2 EPNdB 
for  one  type  of  aircraft  at  this  distance  from  an  airport 
(lower  noise  levels)  will  not  create  an  additional  noise 
exposure  problem. 

4.  A final  consideration  involves  the  acceptability  of 

indoor  airport  noise  exposure  or  determining  a threshold 
of  acceptability.  For  both  conditions  some  eighty  percent 
of  the  respondents  reported  that  these  two  noise  environ- 
ments would  be  acceptable,  “during  your  usual  leisure 
hours  at  home."  Since  there  Is  a strong  possibility  that 
participants  under-predict  acceptability  of  a noise 
environment  in  a laboratory  setting  as  opposed  to  a 
completely  natural  or  actual  home  living  situation,  it 
would  be  concluded  that  both  of  these  noise  exposure 
conditions  are  at  or  below  a threshold  of  acceptability. 
Further  evidence  for  such  a conclusion  is  that  interference 
with  a listening  acltlvity  was,  at  most,  rated  "moderately 
annoying"  and  for  but  twelve  percent  of  the  participants. 
Depending  on  the  noise  attenuation  afforded  by  typical 
homes  around  airports,  which  can  vary  from  20  to  30  dBA, 
outdoor  Leq  would  range  from  62  to  72  dBA  for  the  in 
route  climb  takeoff  condition  (#6)  which  Is  tentatively 
considered  as  the  threshold  for  acceptability.  Thusly, 
outdoor  NEF  values  with  no  nighttime  correction  would 
range  from  approximately  27  to  37  NEF  and  with  a nighttime 
correction  range  In  the  neighborhood  of  30  to  40  NEF. 

There  Is  strong  evidence  that  the  10  dB  nighttime  cor- 
rection Is  not  required  at  the  levels  of  condition  #6 
with  peak  levels  at  60.5  dBA  (Ref.  9),  plus  other  evidence 
(Refs.  3 and  9)  that  the  nighttime  correction  of  10  dB 
Is  too  great.  Therefore,  in  terms  of  current  usage  of 
NEF  as  an  airport  noise  exposure  measurement  method,  in- 
door airport  noise  environments  are  acceptable  In  the 
30  to  40  NEF  range,  the  precise  level  being  a function 
of  noise  attenuation  provided  by  the  dwelling. 
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3.2  Objective  2.  - "Old"  Aircraft  Mix  vs.  "New"  Aircraft  Mix 

As  for  the  preceding  objective,  participants'  responses  to 
Questions  2.,  3.,  and  4.  provide  the  results  for  comparing  an 
older  airport  noise  environment  (smaller  numbers  of  4-engine  narrow 
body  jet  aircraft)  to  a newer  noise  environment  (larger  numbers  of 
aircraft  with  emphasis  on  high  bypass  powered  jet  aircraft);  see 
Tables  VII  and  VIII  for  aircraft  and  noise  levels  employed  for 
these  two  conditions.  Figure  6.  provides  the  response  data  for 
comparing  the  two  airport  noise  environments.  Overall  acceptability 
can  be  considered  as  relatively  low  since  but  25  percent  of  the 
participants  predicted  that  the  old  aircraft  mix  would  be  acceptable 
"during  your  usual  leisure  hours  at  home,"  while  some  42  percent 
predicted  that  the  new  aircraft  mix  condition  would  be  acceptable. 

Due  to  the  number  of  participants  in  the  experiment,  this  difference 
in  acceptability  in  favor  of  the  new  aircraft  mix  is  not  reliable 
at  a 90  percent  confidence  point,  but  the  outcome  does  support  a 
conclusion  that  the  new  airport  mix  tends  to  be  as  acceptable  or 
somewhat  more  acceptable  than  the  old  aircraft  mix.  For  response 
to  Question  3.  which  involves  listening  interference  due  to  the 
flyover  intrusions,  some  12  percent  report  no  interference  with 
listening  activities  when  experiencing  the  old  aircraft  mix,  while 
more  than  54  percent  of  the  participants  report  no  interference  with 
the  new  aircraft  mix.  This  some  42  percent  difference  between  response 
to  the  two  noise  exposures  is  a reliable  difference  at  a greater  than 
99  percent  confidence  level  using  the  normal  distribution  function 
and  a two-tailed  test.  Participants  clearly  experienced  the  new 
aircraft  mix  of  18  aircraft  intrusions  vs.  six  intrusions  for  the  old 
aircraft  mix  as  providing  less  interference  with  listening  activities. 

This  difference  was  not  due  to  no-occurrence-of-flyovers  during  lis- 
tening activity.  Annoyance  was  much  more  pronounced  to  the  old  air- 
craft mix  as  some  42  percent  of  the  participants  reported  that  they 
were  "very  much  annoyed"  by  the  interference  with  listening,  due  to 
the  older  mix,  while  but  8 percent  reported  that  they  were  "very  much 
annoyed"  by  interference  due  to  the  new  aircraft  mix  condition. 

Turning  to  interference  with  participants'  own  speech  (Question  4. 
of  Figure  6.),  50  percent  reported  no  interference  with  their  own 
speech  to  the  old  aircraft  mix,  while  approximately  71  percent  re- 
ported no  speech  interference  to  the  new  aircraft  mix.  That  50 
percent  reported  no  interference  to  the  older  mix  is  primarily 
due  to  no  flyover  intrusions  occurring  during  a speech  activity  in 
that  only  8 percent  of  the  participants  reported  that  a flyover 
occurred  while  they  were  speaking  but  that  there  was  no  interference. 

However,  for  the  newer  mix,  42  percent  reported  no  interference  with 
speech  but  that  a flyover  did  occur  during  a speech  activity.  The 
new  aircraft  mix  is  from  all  points  of  view  more  desirable  than  the 
old  aircraft  mix. 

Comparison  of  the  participants'  response  results  to  the  old 
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NEW  Aircraft  Mix  (Condition  5) 
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Figure  6.  Response  results  for  comparison  of  old  aircraft  mix  vs.  new  aircraft  mix. 


aircraft  mix  vs  the  new  aircraft  mix  provides  information  relative 
to  some  of  the  other  objectives  of  this  study.  As  shown  in  Table  I, 
number  of  flyovers  for  the  older  mix  was  6,  with  an  Leq  of  52.1  dBA 
and  a mean  peak  dBA  level  of  68.8.  There  were  18  flyovers  for  the 
newer  mix  with  an  Leq  of  51.9  dBA  and  a mean  peak  dBA  level  of  64.4. 
From  the  standpoint  of  obtaining  noise  measurements,  the  0.2  dBA  Leq 
difference  between  the  two  conditions  is  equivalent  to  zero  difference, 
so  the  Leq's  for  both  conditions  are  equal.  However,  participants' 
response  results  show  that  the  new  aircraft  mix  is  more  acceptable 
and  is  less  interfering  with  listening  and  speech  activities  than  the 
old  aircraft  mix.  This  leads  to  the  conclusion  that  Leq  does  not  ade- 
quately measure  the  response  differences  for  these  two  noise  environ- 
ments. On  the  other  hand,  the  mean  peak  dBA  level  is  4.4  dBA  less  for 
the  new  aircraft  mix  as  opposed  to  the  old  aircraft  mix  (68.8  dBA  less 
64.4  dBA  equals  4.4  dBA).  This  decrease  of  4.4  dBA  is  in  agreement 
with  participants'  ratings  so  it  could  be  concluded  that  the  mean  peak 
dBA  method  for  measuring  airport  noise  exposure  is  more  valid  than  Leq. 


3.3  Objective  3.  - Scaling  of  Noise  Exposure  Evaluation  Methods 

The  interest  relative  to  this  objective  is  doubling  or  halving  of 
annoyance  response  as  a function  of  various  airport  noise  exposure  meth- 
ods. This  problem  is  analogous  to  the  expectation  that  for  single  fly- 
over events,  annoyance  or  loudness  response  is  doubled  or  halved  with  a 
9 to  10  dB  increase  or  decrease  in  level.  The  magnitude  estimation  psy- 
chophysical method  is  intrinsically  suited  to  this  problem  so  magnitude 
estimation  results  in  connection  with  Conditions  1,  2,  and  3 are  empha- 
sized for  this  analysis.  It  will  be  recalled  that  Conditions  1,  2,  and 
3 include  the  Standard  Condition  plus  the  exact  same  set  of  12  flyovers 
raised  6 dB  for  Condition  2 and  lowered  6 dB  for  Condition  3.  All  48 
subjects  responded  to  these  three  conditions. 

Results  are  presented  in  Figure  7 separately  for  Groups  I - III  and 
Groups  IV  - VI  along  with  those  for  Conditions  6 and  7 to  which  only 
Groups  I - III  responded  and  Conditions  4 and  5 to  which  only  Groups  IV  - 
VI  responded.  In  Figure  7,  the  mean  for  the  Log  Magnitude  Estimation 
ratings  are  plotted  as  a function  of  Leq.  Although  experimental  conditions 
were  identical  for  Groups  I - III  and  Groups  IV  - VI,  there  is  dissimilar- 
ity of  response  to  Conditions  1,  2,  and  3 for  these  two  groups  of  different 
persons.  Also,  if  response  as  a function  of  Leq  is  considered  for  the 
additional  conditions  to  which  Groups  I - III  responded  (Cond.  6,  in  route 
climb  takeoff  and  Cond.  7,  deep  thrust  takeoff),  the  relationship  between 
the  Magnitude  Estimation  ratings  and  Leq  has  much  greater  linearity  for 
Groups  I - III  than  that  for  Groups  IV  - VI.  For  Groups  IV  - VI,  ratings 
to  Conditions  4 and  5 ("Old"  and  "New"  airport  noise  environments)  are, 
to  a considerable  extent,  not  in  agreement  with  those  for  Conditions  1,  2, 
and  3 using  Leq  as  the  noise  exposure  method.  Leq  scales  response  quite 
well  for  Groups  I - III  but  not  at  all  well  for  Groups  IV  - VI. 
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Figure  8.  presents  the  results  of  Figure  7.  using  Mean  Peak  dBA  as 
the  noise  exposure  method.  As  for  the  results  of  Figure  7,  linearity 
between  the  response  and  noise  measures  is  much  more  pronounced  for 
Groups  I - III  than  for  Groups  IV  - VI.  However,  linearity  is  improved 
for  the  relationships  based  on  Groups  IV  - VI  response  in  that  the  point 
for  the  "New"  airportnoise  condition  is  very  close  to  the  plotted  line 
for  Conditions  1,  2,  and  3.  Also,  linearity  is  slightly  improved  for 
results  based  on  Groups  I - III  response. 

Figure  9.  utilizes  NEF  methodology  as  the  noise  exposure  method. 

As  for  the  comparisons  based  on  Leq  and  Mean  Peak  dBA,  the  relationship 
between  Magnitude  Estimation  ratings  and  the  NEF  method  has  much  greater 
linearity  for  Groups  I - III  results  than  for  Groups  IV  - VI  results. 

The  product  moment  coefficient  of  correlation  is  a method  for 
quantifying  linearity  so  it  is  applied  to  the  results  of  Figures  7.,  8. 
and  9.  as  a means  of  confirming  the  previous  data  interpretations.  The 
larger  the  coefficient,  the  greater  the  linearity.  Results  are  given  in 
Table  X and  very  much  confirm  the  interpretations  based  on  inspection  of 


Table  X.  Product  Moment  Coefficients  of 
Correlation  for  Mean  Magnitude 
Estimation  Results  vs  Airport 
Noise  Exposure  Methods 


Noise  Exposure  Met 

hods 

Groups 

Leq 

Mean 

Peak  dBA 

Day 

NEF 

I - III 

0.990 

0.999 

0.999 

IV  - VI 

I - III 

0.734 

0.860 

0.787 

plus 

IV  - VI 

0.851 

0.921 

0.888 

Figures  7.,  8.  and  9.  Linearity  is  almost  perfect  based  on  Groups  I - III 
response  regardless  of  the  noise  exposure  method  utilized.  For  Groups  IV  - 
VI  response.  Mean  Peak  dBA  shows  the  highest  extent  of  linearity,  NEF  is 
next  highest,  and  Leq  demonstrates  the  least  amount  of  linearity.  For 
results  based  on  the  mean  Magnitude  Estimation  ratings  for  all  ten  points 
(Groups  I - III  plus  Groups  IV  - VI),  again  Mean  Peak  dBA  shows  the  great- 
est linearity,  NEF  is  next,  and  Leq  is  last  (see  Table  X.) 

In  respect  to  the  present  objective  of  scaling  commonly  used  airport 
noise  exposure  methods,  the  above  evaluation  led  to  the  conclusion  to 
utilize  Groups  I - III  results  based  on  all  five  conditions  and  the  mean 
results  for  all  groups  based  on  Conditions  1,  2,  and  3.  These  three 
conditions  were  introduced  into  the  experiment  as  a basis  for  investigating 
the  scaling  problem.  Utilizing  the  standard  condition  (Condition  1 ) as  a 
reference,  the  increase  or  decrease  in  each  noise  exposure  method  required 
to  double  or  halve  annoyance  response  is  obtained.  These  four  comparisons 


are  given  in  Table  XI  for  the  Groups  I - III  results.  The  mean  level  for 
doubling  or  halving  annoyance  based  on  the  Leq  airport  noise  exposure 
method  is  8 dB  with  a range  of  3.6  dB.  Mean  level  for  doubling  or  halving 

Table  XI.  Increase  or  Decrease  (dB)  Required  for  Doubling  or 
Halving  Annoyance  Response  (Groups  I - III  Results). 


Condition 
Compari sons 

NOISE  EXPOSURE  M 

ETH0D 

Leq 

Mean 

Peak  dBA 

NEF 

3 less  1 

2 less  1 

6 less  1 

7 less  1 

Mean 

Range 

8.8 

9.8 

6.2 

7.3 

8.0 

6.2  - 9.8 

9.5 

10.0 

8.5 

9.0 

9.2 

8.5  - 10.0 

9.5 

10.8 

9.5 

9.4 

9.8 

9.4  - 10.8 

annoyance  utilizing  Mean  Peak  dBA  is  9.2  dB  with  a range  of  1.5  dB  while 
it  is  9.8  dB  for  NEF  with  a range  of  1.4  dB.  Therefore,  the  best  estimate 
for  doubling  or  halving  of  annoyance  to  multiple  events  in  a realistic 
home  type  of  environment  is  In  the  8 to  10  dB  range.  Mean  Peak  dBA  and 
NEF  exposure  methods  being  more  consistent  than  Leq.  Turning  to  the 
combined  results  based  on  mean  Log  Magnitude  Estimation  ratings  for  all  6 
groups  utilizing  Conditions  1,  2,  and  3,  findings  based  on  the  higher  level 
conditions  (Conditions  1 and  2)  are  comparable  to  those  of  Table  XI. 

These  findings  are  given  in  Table  XII  and  are  represented  by  the  "A — A" 
plots  in  Figures  7,  8 and  9.  As  mentioned  previously,  increases  required 
for  doubling  of  annoyance  response  based  on  Condition  1 (Leq  of  45.5)  and 
Condition  2 (Leq  of  51.4)  are  similar  to  those  based  on  the  5 conditions 

Table  XII.  Increase  or  Decrease  (dB)  Required  for  Doubling  or 

Halving  Annoyance  Response  (Mean  Response  Groups  I-VI ) . 


Condition 

Comparisons 

ME 

Dlff. 

dB  to  DOUBLE  or  HALVE  1 

Leq 

Mean 
Peak  dBA 

NEF 

Leq 

Mean 

Peak  dBA 

NEF 

3 less  1 

2 less  1 

-0.12 

0.18 

-5.6 

5.9 

-6.0 

6.0 

-6.0 

6.5 

14.0 

9.8 

15.0 

10.0 

15.0 

10.8 

to  which  Groups  I - III  were  exposed.  At  these  levels  of  airport  noise 
exposure,  an  increase  of  9.8  dB  using  Loq,  10.0  dB  using  Mean  Peak  dBA, 
and  10.8  dB  using  NEF  are  required  for  doubling  of  annoyance  response. 
However,  the  comparison  between  Condition  1 (Leq  of  45.5)  and  Condition  3 
(Leq  of  39.9)  provides  a different  result.  The  Increase  or  decrease  to 
double  or  halve  annoyance  response  Is  14  or  15  dB  depending  on  the  noise 
exposure  method  employed.  For  these  commonly  used  methods,  scaling  of 
annoyance  response  is  level -dependent  and  these  airport  noise  exposure 
methods  are  not  linear. 
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Before  emphasizing  some  application  implications  for  these  find- 
ings and  as  a means  of  placing  the  levels  investigated  in  perspective, 
estimated  outdoor  noise  exposure  levels  are  provided  in  Table  XIII. 
Both  Conditions  1 and  2 are  estimated  to  be  at  an  outdoor  level  that 
could  be  considered  not  ideally  suited  for  residential  dwellings 
around  airports  (see  Ref.  9)  while  the  noise  exposure  of  Condition  3 
would  be  considered  as  being  compatible  with  residential  living 
(Ref.  9). 


Table  XIII.  Estimated  Outdoor  Levels  for  Three 

Noise  Exposure  Methods  Utilizing  25  dB 
as  Average  for  Building  Attenuation. 


Condition 

Leq 

EST. 

OUTDOOR  LEVELS 

Presentation 

Level 

Leq 

Mean 
Peak  dBA 

NEF 

3 

39.9 

64.9 

81.4 

29.9 

1 (Std) 

45.5 

70.5 

87.4 

35.5 

2 

51.4 

76.4 

93.4 

41.4 

Application  implications" are: 

1.  Doubling  or  halving  of  annoyance  response  is  level -dependent. 
For  noise  exposure  levels  which  may  not  be  ideally  suited  for 
residential  living,  annoyance  response  using  methods  such  as 
Leq,  Mean  Peak  dBA,  and  NEF  doubles  as  a function  of  an  8 to 
10  dB  Increase  In  level.  However,  at  levels  which  may  be  at 

or  well  below  a threshold  of  acceptability,  much  greater  reduc- 
tions (some  50%  greater)  are  required  to  obtain  a comparable 
decrease  in  annoyance  response.  This  finding  suggests  that 
there  is  a resistance  point  at  which  further  reductions  in 
airport  noise  will  result  In  but  minimum  reduction  in 
community  annoyance  response. 

2.  Doubling  or  halving  of  annoyance  response  findings  based  on 
these  laboratory  results  can  be  generalized  to  actual  airport 
environments.  As  indicated  in  the  just  previous  application 
Implication,  doubling  or  halving  of  annoyance  response  is 

1 evel -dependent  and  that  in  a range  of  exposure  levels  where 
airport  noise  could  be  considered  a problem,  approximately  10 
dB  increase  In  NEF  results  in  a doubling  of  annoyance  response. 
Are  there  data  from  airport  community  studies  which  tend  to 
confirm  this  finding?  Reference  10  provides  results  relevant 
to  this  question.  For  this  study,  unbiased  annoyance  response 
was  obtained  to  two  questions  from  a random  sample  of  persons 


- 41  - 


1 


1 


living  around  Seattle  Tacoma  International  Airport.  These  two 
questions  were: 

No.  2.  What  things  do  you  dislike 
about  living  around  here? 

No.  3.  What  do  you  consider  the  most  serious 
problem  in  the  community  right  now? 

A respondent  who  mentioned  airport  noise  to  either  of  these 
questions  is  rated  as  being  genuinely  annoyed  and  concerned 
with  airport  noise.  The  percent  response  for  an  estimated 
median  NEF  of  40  and  30  are  as  follows: 


Median  NEF 

NEF 

■KlfH 

50 

■I»7jcI»l;Eren 

Ques  2.  "Among  things 
disliked" 

48.  OX 

26. 3% 

1.82 

Ques  3.  "Most  serious 
problem" 

43.1% 

22.6% 

1.91 

For  both  annoyance  measures,  almost  two  times  as  many  persons 
are  rated  as  being  annoyed  by  the  higher  exposure  level  than  at 
the  lower  level.  These  results  do  tend  to  confirm  the  findings 
of  the  present  study  that  a 10  dB  reduction  in  NEF  will  reduce 
annoyance  response  by  some  50  percent.  However,  this  finding 
should  not  be  applied  in  an  absolute  sense  as  the  median  levels 
of  40  and  30  NEF  were  obtained  from  NEF  contour  determinations. 
Median  levels  for  the  respondents  may  be  43  and  33  NEF  respec- 
tively as  an  individual  NEF  for  each  respondent  was  not  obtained. 


3.4  Objective  4.  - Determining  the  Increase  or  Decrease  in  Noise  Exposure 
which  is  Perceived  as  a Reliable  Increase  or  Decrease  in  Noise  Annoyance 

This  particular  objective  is  concerned  with  determining  minimum 
changes  in  a'.rport  noise  exposure  that  would  result  in  an  Increase  or 
decrease  in  community  noise  annoyance.  As  an  example,  utilizing  the  NEF 
method,  is  a reduction  from  35  to  32  perceived  as  an  improvement?  In 
order  to  obtain  relatively  precise  data  that  will  bear  on  this  objective, 
a number  of  conditions  with  differences  in  the  neighborhood  of  2 to  3 dB 
have  been  Ideal.  Also,  category  scaling  Is  considered  the  more  appropriate  * 

psychophysical  method  for  Investigating  this  objective  (Ref  11,  p.2-8). 

Minimum  differences  between  Conditions  1,  2 and  3 are  on  the  order  of  6 dB 
(depending  on  the  noise  exposure  method  used)  with  smaller  differences  for 
Conditions  4 vs  5 ("Old"  vs  "New")  and  Conditions  6 vs  7 (In  route  climb  vs 
deep  thrust).  Therefore,  we  will  begin  with  the  category  results  to  cond- 
ions  1,  2 and  3 and  augment  the  analyses  by  examining  the  results  for 
Conditions  4 vs  5 and  Conditions  6 vs  7. 
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Results  for  Questions  2,  3,  and  4 are  given  in  Figure  10. 

Question  2 is  concerned  with  "acceptability"  of  the  noise  exposure 
condition.  Question  3 with  "no  listening  Interference",  and  Question  4 
with  "no  speech  interference".  For  the  low  level  noise  exposure  condi- 
tion (Leq  of  39.9),  some  67  percent  of  the  participants  reported  that  the 
condition  was  "acceptable",  51  percent  found  the  medium  level  (Leq  of  45.5) 
"acceptable",  while  some  36  percent  rated  the  high  noise  condition  as 
"acceptable".  Comparable  results  were  found  for  Question  3 concerning 
"no  listening  interference".  For  this  particular  objective,  we  are  in- 
terested in  whether  or  not  response  differences  are  reliable  between 
adjacent  conditions.  Table  XIV  provides  the  results  for  response  dif- 
ferences to  adjacent  noise  exposure  levels  for  “acceptability"  and  "no 
listening  interference". 


Table  XIV.  Reliability  of  Adjacent  Differences  for 

Acceptability  and  No  Listening  Interference 
Response  Results. 


NO  LISTEN.  INTE 

RFER. 

* Diff. 

SED* 

ReT^ 

Point 

* Diff. 

Low  less  Medium 
i Medium  less  High 

16.3 

15.5 

9.88 

9.99 

95* 

94* 

14.1 

17.8 

10.03 

9.83 

* Standard  Error  of  the  Difference 


An  evaluation  of  the  differences  shows  that  there  is  a 92  percent  or 
greater  expectation  that  the  differences  are  reliable.  This  leads  to  the 
conclusion  that  for  Leq,  Mean  Peak  dBA,  and  NEF  airport  noise  exposure 
methods,  6 dB  differences  result  in  a perceptible  Increase  or  decrease 
in  noise  annoyance.  This  6 dB  difference  can  be  considered  as  an  upper 
minimum  reliable  difference.  Comparisons  between  "old"  vs  "new"  air- 
port noise  environments  and  the  in  route  climb  takeoff  vs  deep  thrust 
takeoff  noise  conditions  provide  evidence  relative  to  the  question: 

What  is  the  minimum  increase  or  decrease  in  noise  exposure  which  results 
in  a perceptible  difference  that  Is  reliable? 

As  shown  under  3.2  Objective  2.,  the  "new"  airport  noise  exposure 
was  rated  as  a significant  improvement  over  the  "old"  airport  noise  ex- 
posure condition.  However,  the  Leq's  for  these  two  conditions  were  51.9 
and  52.1  with  Mean  Peak  dBA  levels  of  64.4  and  68.8  respectively  for 
"new"  vs  "old".  This  result  suggests  two  conclusions: 

1.  That  Leq  does  not  adequately  measure  differences  between 
these  noise  exposure  conditions. 

2.  That  Mean  Peak  dBA  does  reflect  the  response  differences 
found  and  that  a difference  of  approximately  4 dBA  is  an 
estimate  of  a reliable  difference  based  on  the  Mean  Peak 
dBA  exposure  method. 
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and  2)  noise  exposure  conditions. 
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Figure  10  (continued).  Response  results  for  comparing  Low,  Medium,  and  High  level 

(Conditions  3,  1,  and  2)  noise  exposure  conditions. 


Using  NEF  as  the  noise  exposure  method,  the  "new"  airport  noise  condition 
is  2.5  dB  less  than  the  "old"  condition  so  this  method  does  reflect  the 
response  differences  obtained. 


Turning  to  a comparison  of  the  IRC  (in  route  climb  thrust  procedure) 
Takeoff  Condition  vs.  the  DT  (deep  thrust  cutback  procedure)  Takeoff  Condi- 
tion, results  under  3.1  Objective  1 . show  that  there  is  significantly  less 
listening  interference  for  the  DT  Takeoff  Condition.  Now  the  DT  Takeoff 
Condition  is  measured  at  2.5  dB  In  Leq  less  than  the  IRC  Takeoff  Condition, 
2.7  dB  less  than  the  IRC  Takeoff  Condition  in  Mean  Peak  dBA,  and  2.5  dB 
less  using  NEF.  For  all  three  measures,  the  differences  are  in  a direction 
that  is  in  agreement  with  the  human  response  results  and  are  in  the  neigh- 
borhood of  2.5  dB. 

Consequently,  it  can  be  concluded  that  differences  of  approximately 
2.5  to  4.0  dB  reflect  a reliable  and  perceptible  increase  or  decrease  in 
noise  annoyance.  Surprisingly,  this  value  for  noise  exposure  methods  is 
very  close  to  the  2 - 3 dB  which  results  in  a reliable  difference  for  indi- 
vidual flyover  events  (See  Ref.  12). 


3.5  Objective  5.  - Selection  of  a Noise  Exposure  Methodology  which 
Best  Reflects  Community  Response  to  Airport  Noise 

There  are  a number  of  methods  for  measuring  noise  exposure  around 
airports.  In  the  United  States,  the  most  widely  used  approaches  are  Noise 
Exposure  Forecast  (NEF)  and  Day-Night  Average  Sound  Level  (L<jn).  The  es- 
sentials of  all  of  the  methods  involve  first  weighting  the  acoustic  energy 
utilizing  an  engineering  calculation  procedure  such  as  PNdB,  EPNdB,  or  dBA 
followed  by  a summing  or  averaging  of  the  energy  based  on  airport  operations 
including  a penalty  for  night  flights.  The  present  evaluation  emphasizes 
PNdBj,  dBA,  and  a relatively  new  engineering  calculation  procedure  with  the 
designation  of  dBH  (Ref.  4).  Integrating  PNdBj  10  dB  down  from  the  peak  on 
an  energy  basis  provides  NEF  while  dBA  is  the  basis  for  Ldn-  The  dBH  cal- 
culation procedure  is  a weighting  curve  proposed  by  T.  H.  Higgins.  The 
curve,  as  utilized  for  this  study,  consists  of  two  straight-line  segments, 
the  first  rising  by  6 dB/octave  from  50  Hz  to  4 kHz,  passing  through  zero 
at  1 kHz.  From  4 kHz,  the  curve  falls  at  a slope  of  6 dB/octave  to  10  kHz. 
In  a recent  study  Involving  response  of  60  persons  to  twenty-seven  indivi- 
dual flyover  events,  the  dBH  calculation  procedure  was  more  effective  than 
those  based  on  dBA  and  PNdB  (Ref.  12).  Therefore,  various  noise  exposure 
methodologies  based  on  PNdBy,  dBA,  and  dBH  are  investigated. 

The  strategy  for  selection  of  a noise  exposure  method  that  best  re- 
flects community  response  is  to  apply  the  three  engineering  calculation 
procedures  to  the  noise  conditions  Investigated,  develop  various  noise  ex- 
posure methods  based  on  these  calculation  procedures  and  then  correlate 
these  exposure  methods  to  the  mean  Log  Magnitude  Estimation  results.  The 
noise  exposure  method  with  the  highest  product  moment  coefficient  of  corre- 
lation is  considered  as  a best  metric  for  measuring  community  response  to 
aircraft  noise.  Results  for  two  of  the  noise  exposure  methods  evaluated 
are  given  in  Figure  11.  and  are  used  to  illustrate  the  strategy.  The  solid 
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Mean  Log^o  Magnitude  Estimation  Ratings 


line  of  Figure  11.  is  the  least  square  best  fit  line  for  the  ten  mean 
log^o  Magnitude  Estimation  (ME)  ratings  vs.  Leq.  The  equation  of  this 
best  fit  line  is  Y * -0.0318  + 0.0220X  and  the  product  moment  coeffi- 
cient of  correlation  is  0.851.  The  coordinate  points  for  mean  Log  ME 
vs.  Leq  are  plotted  as  "A"  in  Figure  11.  while  the  coordinate  points  for 
the  same  ME  ratings  vs.  the  mean  peak  dBH  level  for  the  loudest  seven 
flyovers  are  plotted  as  "0".  The  best  fit  least  square  line  for  ME  vs. 
dBH  is  given  by  the  dashed  line  of  Figure  11.  and  has  the  equation, 

Y = -0.6950  + 0.0255 X . The  product  moment  coefficient  of  correlation  is 
0.971  for  the  mean  ME  ratings  vs.  dBH.  Comparable  coordinate  points  for 
Leq  and  dBH  are  numbered  from  (1)  to  (10)  In  Figure  11.  As  the  arrows 
(-;  show,  there  is  a marked  tendency  for  the  "0"  points  which  represent 
mean  dBH  levels  to  be  closer  to  their  best  fit  line  than  the  "A"  points 
which  are  coordinate  points  based  on  Le«.  For  eight  of  the  ten  pairs  of 
points,  the  "A"  points  move  toward  the  w0"  coordinate  points  and  for  the 
pair  of  points  numbered  (5),  the  Improvement  is  approximately  5 dB  while 
improvement  is  in  the  neighborhood  of  1.5  to  2.0  dB  for  the  remaining  six 
points.  The  superior  fit  based  on  dBH  over  Leq  is  quantified  by  the 
higher  coefficient  of  correlation  of  0.971  vs.  0.851  for  the  Leq  noise 
exposure  method. 

Using  the  above  described  strategy,  109  different  noise  exposure 
quantitative  methods  were  calculated  and  related  to  the  mean  log  magni- 
tude estimation  results.  The  measure  for  selection  of  a "best"  noise  ex- 
posure method  was  the  product  moment  coefficient  of  correlation.  A 
description  of  the  109  units  evaluated  are  given  in  Appendix  A along  with 
their  rank  order  number;  the  higher  the  coefficient  of  correlation,  the 
smaller  the  rank  order  number.  For  convenience,  each  of  the  109  noise 
exposure  methods  are  numbered.  For  noise  exposure  methodologies  which 
were  considered  as  adequate  relative  to  the  measurement  of  community 
noise  annoyance,  the  correlations  ranged  from  0.792  to  0.971  [Number  of 
flyovers  (N)  and  Log N (see  Ref.  8)  were  related  to  the  response  results 
providing  low  negative  correlations  (-0.107  and  -0.141  respectively) 
which  resulted  in  rank  orders  of  108  and  109].  The  highest  correlation 
of  0.971  was  provided  by  No.  77  of  Appendix  A which  is  Mean  Peak  dBH 
(based  on  highest  7 flyovers)  while  the  correlation  of  0.792  involved 
amount  of  time  the  noise  was  above  60  dBA  (TA>60  dBA)  during  the  various 
1.5  hour  exposure  conditions.  The  correlation  of  0.971  explains  some 
94. 3X  of  noise  annoyance  variance  while  one  of  0.792  explains  approxi- 
mately 62.7*.  Based  only  on  this  strategy,  it  would  be  concluded  that 
the  Mean  Peak  dBH  (Top  7)  approach  Is  a superior  measurement  approach  to 
TA>  60  dBA. 

Before  we  examine  the  results  in  detail,  findings  for  some  of  the 
commonly  used  noise  exposure  methods  are  given  in  Table  XV.  For  the 
three  basic  engineering  calculation  procedures  investigated  (dBA,  PNdBj, 
and  dBH),  the  rankings  are  consistant.  Regardless  of  the  method  of  mea- 
suring noise  exposure  (energy  summation  or  mean  peak  level),  prediction 
capability  is  least  for  dBA,  next  greatest  for  PNdBj,  and  greatest  for 
dBH.  Also,  utilizing  mean  peak  levels  for  the  seven  loudest  flyovers  is 
more  effective  for  all  calculation  procedures  over  their  respective 
energy  summation  approaches.  Finally,  dBH  is  superior  to  dBA  and  PNdBj 


n 

i i 


Table  XV.  Product  Moment  Coefficients  of  Correlation  of 

Mean  Ratings  Results  vs.  Noise  Exposure  Methods. 


APPENDIX 

A.  NO. 

NOISE  EXPOSURE  METHOD 

COEFFICIENTS 

OF  CORRELATION 

RANK 

ORDER 

1 

Leq  - dBA  *1 

0.851 

94 

5 

NEF  (no  night  flights)  I 

0.889 

77 

3 

Leq  - dBH  I 

0.945 

30 

71 

Mean  Peak  dBA  (Top  7)  I 

0.913 

63 

74 

Mean  Peak  PNdBy  (Top  7)  I 

0.936 

33 

77 

Mean  Peak  dBH  (Top  7)  I 

0.971 

1 

*Noise  analyses  based  on  flyover  signals  as  heard  by 
the  subjects  (Indoor  analyses). 


regardless  of  the  method  used  to  measure  noise  exposure  (rank  orders  of  1 
and  30).  With  minor  exceptions,  predictive  capability  of  the  three  cal- 
culation procedures  using  other  noise  exposure  methods  follows  the  order 
of  Table  XV.  These  exceptions  will  be  noted  as  other  comparisons  from 
Table  A-l  of  Appendix  A are  emphasized. 

As  discussed  in  Appendix  A,  1/3-octave  analyses  of  the  various  air- 
port noise  conditions  were  completed  in  real  time  just  as  the  subjects 
heard  the  noises  (Indoors  - "I")  and  also  an  inverse  of  the  average  house 
weighting  network  was  used  to  provide  outdoor  ("0")  noise  exposure  re- 
sults. Noise  exposure  methods  No.'s  1 to  6 can  be  used  to  illustrate  the 
effect  of  using  the  outdoor  noise  data  as  shown  in  Table  XVI. 

Table  XVI.  Comparison  of  Results  Based  on  Indoor  vs.  Outdoor 
Spectra  for  Energy  Summation  Methods. 


APPENDIX 

A.  NO. 

NOISE  EXPOSURE  METHOD 

RANK 

ORDER 

1 

Leq  - dBA  I 

94 

2 

Leq  - dBA  0 

72 

5 

NEF  I 

77 

6 

NEF  0 

31 

3 

Leq  - dBH  1 

30 

4 

Leq  - dBH  0 

— 

5 
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For  all  three  engineering  calculation  procedures,  utilizing  the  out- 
door spectral  analyses  improves  the  relationship  between  noise  exposure 
methods  and  the  subject's  ratings  of  the  noise  conditions.  These  results 
are  supporting  to  the  commonly  used  practice  of  measuring  community  re- 
sponse to  airport  noise  on  the  basis  of  outdoor  noise  analyses. 

As  indicated  above,  the  lowest  correlation  obtained  between  noise 
condition  ratings  and  a noise  exposure  method  involved  the  amount  of  time 
in  minutes  that  the  noise  was  equal -to-or-greater  than  60  dBA  (TA > 60  dBA 
I).  This  result  does  not  mean  that  time  above  a particular  level  is  nec- 
essarily a poorer  predictor  of  community  noise  annoyance  than  those  meth- 
ods which  directly  involve  a decibel  measure  of  the  noise  exposure.  What 
it  does  mean  is  that  we  do  not  have  a mathematical  transformation  on  time 
above  a particular  level  which  provides  a linear  correspondence  to  the  sub 
ject's  ratings  (In  this  sense  it  is  a poorer  predictor).  Table  XVII  pro- 
vides some  results  bearing  on  this  problem.  A logarithmic  transformation 
was  applied  to  each  of  the  noise  exposure  methods  listed  in  Table  XVII 


Table  XVII.  Results  Based  on  Time  (min.)  Noise  is 
Equal -to-or-greater  than  a Specified 
Level  (dBA  & dBH) . 


1 

APPENDIX 

A.  NO. 

NOISE  EXPOSURE  METHOD 

RANK 
ORDER  OF 
METHOD 

rank  Order 

OF 

Log  (Method) 

7 & 8 

TA  > 60  dBA 

I 

107 

82 

9 & 10 

TA  > 80  dBA 

0 

106 

87 

11  & 12 

TH  > 60  dBH 

I 

93 

56 

13  & 14 

TH  > 85  dBH 

0 

70 

99 

15  & 16 

TH  > 80  dBH 

0 

97 

83 

and  in  four  of  the  five  comparisons,  the  log  transformation  improved  the 
predictive  capability.  Also,  this  is  one  of  the  few  comparisons  (No.'s 
13  vs.  14)  for  which  the  dBH  calculation  procedure  was  not  clearly  super- 
ior to  dBA  and  PNdBj.  Time  above  a particular  level  is  a useful  noise 
exposure  method  for  specific  criterion  applications  and  in  particular  for 
those  situations  involving  "complete  descriptions  of  the  noise"  (see  Ref. 
2). 


Another  comparison  involves  the  effectiveness  of  the  FAR-36  duration 
correction.  A number  of  studies  which  were  concerned  with  response  to 
individual  flyover  events  have  provided  results  which  support  the  effec- 
tiveness of  the  FAR-36  duration  correction  (as  examples  see  Refs.  7 & 12). 
Are  comparable  results  achieved  for  response  to  groups  of  flyovers  pre- 
sented over  a realistic  time  period?  Table  XVIII  presents  results  utiliz- 
ing mean  peak  levels  vs.  mean  of  the  duration  corrected  levels.  For  all 
three  engineering  calculation  procedures,  prediction  capability  is  re- 
duced by  including  the  duration  correction. 


Table  XVIII. 


Comparisons  of  Results  Based  on  Mean 
Peak  Levels  vs.  Mean  FAR-36  Duration 
Correction  Levels. 


APPENDIX 
A.  NO. 

NOISE  EXPOSURE  METHOD 

RANK 

ORDER 

17 

Mean  Peak  dBA 

(All)  I 

58 

26 

Mean  dBAp 

(All)  I 

103 

19 

Mean  Peak  PNdBj 

(All)  I 

55 

27 

Mean  EPNdB 

(All)  I 

92 

21 

Mean  Peak  dBH 

(All)  I 

17 

28 

Mean  dBHQ 

(All)  I 

69 

An  hypothesis  that  merits  consideration  is:  community  response  to 
aircraft  noise  is  a function  of  a loudest  set  of  flyover  intrusions.  This 
hypothesis  is  intuitively  appealing  since  it  supports  the  possibility  that 
there  is  a threshold  of  annoyance  or  disturbance  and  that  lower  level  sig- 
nals do  not  contribute  to  aircraft  noise  annoyance  response.  Some  results 
relative  to  this  hypothesis  are  given  in  Table  XIX.  For  the  dBA  compari- 
sons, rank  orders  are  not  appreciably  changed  by  basing  the  Mean  Peak  on 
the  loudest  6 or  7 flyovers  from  the  various  noise  conditions.  However, 
for  both  PNdB-r  and  dBH,  predictive  capability  is  appreciably  increased  by 
utilization  or  mean  peak  levels  for  the  loudest  6 or  7 flyovers. 


Table  XIX.  Comparison  of  Mean  Peak  Levels  Based  on 
All  Flyovers  vs.  Loudest  6 Flyovers  vs. 
Loudest  7 Flyovers. 


APPENDIX 

A No's. 

NOISE  EXPOSURE  METHOD 

RANK  ORDE 

RS 

All 

Top  6 

Top  7 

17,18,71 

Mean  Peak  dBA  I 

58 

60 

63 

19,20,74 

Mean  Peak  PNdBj  I 

55 

28 

33 

21,22,77 

Mean  Peak  dBH  I 

17 

3 

1 

i 

Before  examining  some  results  concerning  the  inclusion  of  a direct 
correction  for  the  number  of  flyovers  experienced  (see  Ref.  8),  an  empir- 
ical ground  rule  for  determining  differences  between  rank  orders  is  con- 
sidered. A repeat  physical  acoustical  analysis  was  completed  for  No.  1 
of  Appendix  A which  is  "Leq  - dBA  I"  and  related  to  the  subjective  re- 
sponse results;  the  results  of  the  repeat  analysis  are  given  as  No.  32  of 
Appendix  A.  The  rank  order  for  the  original  physical  acoustical  analysis 
of  Leq  - dBA  Is  94  while  It  increases  to  101  for  the  repeat  analysis. 
Based  on  this  result,  it  will  be  concluded  that  a difference  of  10  rank 
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orders  is  required  to  achieve  an  actual  difference  between  rank  orders  for 
the  various  exposure  units. 


Some  findings  from  a recent  report  (Ref.  8)  have  indicated  that  a 
direct  correction  for  number  of  flyover  intrusions  to  noise  exposure  meth- 
ods may  improve  predictive  capability  of  the  exposure  methods.  Table  XX 
provides  some  comparisons  relative  to  these  findings.  Four  direct  correc- 
tions for  number  of  events  are  added  to  the  mean  peak  levels  for  the  three 
calculation  procedures  evaluated.  Using  a difference  of  ten  rank  orders 
as  a rule  for  concluding  that  there  Is  an  actual  improvement  in  predictive 
capability,  the  addition  of  lOlogN  to  mean  peak  dBA  levels  does  not  re- 
sult in  an  Increase.  However,  for  mean  peak  PNdBj  and  dBH  it  is  consider- 
ed that  there  Is  an  actual  Improvement  In  predictive  capability.  Utiliz- 
ing N/6  as  a direct  correction  to  the  mean  peak  dB  levels  provides  no  im- 
provement for  any  of  the  three  calculation  procedures  nor  does  15  log  N. 

On  the  other  hand,  the  addition  of  51ogN  Improves  the  predictive  capa- 
bility for  mean  levels  based  on  all  three  engineering  calculation  proce- 


Table  XX.  Changes  in  Rank  Orders  Due  to  a Direct  Correction 
for  Number  (N)  of  Flyover  Events. 


APPENDIX 

A No's. 

NOISE  EXPOSURE  METH. 

All 

ADDIT] 

IONS  TO 

MEAN  PEA* 

f 

V 

1MPT1M 

N/6 

MMM 

17,33,34, 

39,42 

Mean  Peak  dBA  (All) 

58 

51 

56 

64 

48  ; 

| 

19,35,36, 

40,43 

Mean  Peak  PNdBj(All) 

55 

36 

52 

50 

38 

21,37,38, 

41,44 

Mean  Peak  dBH  (All) 

17 

6 

12 

18 

n\ 

dures  and  that  10  log  N Improves  the  relationship  for  Mean  Peak  PNdBj  and 
Mean  Peak  dBH,  are  In  agreement  with  the  results  of  Reference  8.  Results 
of  Reference  8 show  that  addition  of  5 log  N provided  the  greatest  amount 
of  Improvement  but  that  the  optimum  constant  " K"  was  approximately  7 or  8. 


3.6  Objective  6.  - Determine  and  Evaluate  the  Validity 

of  the  Equal  Energy  Hypothesis 

A method  which  quantifies  and  accurately  reflects  community  response 
to  environmental  noise  Is  a useful  tool.  It  permits  evaluations  of  and 
comparisons  between  diverse  noise  environments  regardless  of  the  noise 
sources.  However,  all  of  the  single  number  approaches  such  as  Leq,  Ldn» 
NEF,  NNI,  CNEL  do  not  account  for  some  of  the  more  qualitative  aspects  of 
a particular  noise  environment  and  for  some  situations,  may  suppress  or 
cover  up  significant  aspects  of  a noise  exposure  situation.  The  results 
of  Figure  1.  are  an  example  where  mean  peak  dBA  approach  noise  exceeds 
aircraft  takeoff  noise  but  Is  net  reflected  by  Leq  based  on  the  average 


manner  that  the  airport  operates.  Thus,  It  Is  not  surprising  that  airport 
noise  exposure  methods  based  on  the  assumption  that  equal  weighted  acoustic 
energy  results  In  equal  (on  the  average)  community  response,  do  not  uni- 
versally and  accurately  reflect  community  response.  Results  which  specifi- 
cally contribute  to  an  evaluation  of  this  widely  used  assumption  are  sum- 
marized. 

As  presented  In  3.1  Objective  1.  - Effect  of  Takeoff  Procedure, 
significantly  less  Interference  with  listening  activities  was  reported  for 
the  “deep  thrust"  (DT)  takeoff  procedure  In  contrast  to  the  In  route  climb 
(IRC)  procedure.  For  both  Leq  and  mean  peak  dBA,  the  DT  takeoff  procedure 
noise  exposure  was  2.7  dB  less  than  that  for  the  IRC  takeoff  procedure. 
Thus,  It  would  be  concluded  that  an  exposure  method  based  on  energy  summa- 
tion Is  effective.  However,  the  mean  peak  dBA  method  Is  equally  effective 
In  corresponding  to  the  human  response  data. 

Turning  to  the  comparison  between  Conditions  4.  and  5.  ("Old"  Noise 
Environment  vs.  "New"  Noise  Environment),  the  Leq  difference  for  the  two 
conditions  Is  but  0.2  dB  which  Indicates  that  exposure  as  measured  by  Leq 
Is  Identical.  However,  the  human  response  results  show  that,  from  all 
points  of  view,  the  "New"  Noise  Environment  Is  more  desirable  or  acceptable 
than  the  "Old"  Noise  Environment.  Clearly,  Leq  does  not  reflect  this  per- 
ceived difference.  The  mean  peak  dBA  level  for  the  "Old"  was  68.8  while 
it  was  64.4  dBA  for  the  "New"  Noise  Environment,  a reduction  of  4.4  dBA. 
Thus,  the  mean  peak  dBA  exposure  method  does  reflect  the  perceived  accept- 
ability of  the  "New"  over  the  "Old"  Noise  Environment. 

Some  Indirect  evidence  relative  to  the  adequacy  of  energy  summation 
exposure  methods  Is  provided  In,  3.3  Objective  3.  - Scaling  of  Noise 
Exposure  Evaluation  Methods.  For  every  comparison  (see  TaEle  X.'),  mean 
peak  dBA  showed  a higher  linear  relationship  to  the  human  response  results 
than  did  Leq  or  NET  and  NEF  Is  slightly  superior  to  Leq. 

A final  set  of  results  which  bears  on  the  adequacy  of  the  equal 
energy  hypothesis  involves  those  which  were  concerned  with  selection  of  a 
noise  exposure  methodology  which  best  reflects  community  response  to  air- 
port noise.  However,  the  findings  cannot  be  divorced  from  the  engineering 
calculation  procedures  used  to  weight  the  energy  prior  to  summing.  As 
shown  In  Table  XV,  for  the  three  engineering  calculation  procedures  Inves- 
tigated (dBA,  PNdBT,  and  dBH),  mean  peak  levels  for  the  loudest  seven 
flyovers  resulted  In  higher  correlations  with  the  response  data  than  did 
energy  summations  based  on  their  respective  calculation  procedures.  Thus, 
It  would  be  concluded  that  exposure  methods  based  on  mean  peak  levels  are 
more  effective  than  those  based  on  energy  summations.  However,  the  energy 
summation  based  on  dBH  Is  slightly  superior  to  exposure  methods  based  on 
mean  peak  dBA  or  PNdBj  and  Is  clearly  superior  to  Leq  - dBA,  Leq  - dBH 
accounting  for  some  89X  of  the  common  variance  between  an  exposure  method 
and  human  response  results  while  L§q  - dBA  accounts  for  72X  of  the  common 
variance. 

In  suMnary,  on  the  whole  results  show  that  mean  peak  level  exposure 
methods  are  superior  to  energy  summation  methods  but  that  the  effectiveness 
of  a method  Is  also  very  much  a function  of  the  engineering  calculation 


procedure  used  to  weight  the  acoustic  energy. 


3.7  Objective  7.  - Threshold  of  Acceptability  During 

Evening  Leisure  Hours 

One  of  the  factors  which  makes  It  difficult  to  establish  a threshold 
of  acceptability  for  airport  noise  environments  In  living  areas  Is  the 
response  variability  to  airport  noise.  Some  persons  find  relatively  high 
noise  exposure  levels  acceptable  while  other  persons  are  annoyed  by  quite 
low  level  intrusions.  In  addition,  there  Is  variability  of  response  for 
the  same  person  from  one  situation  to  another  but  to  the  exact  same  noise 
exposure  experience.  Another  factor  which  Is  relevant  to  this  study  Is 
that  the  participants  have  been  asked  to  make  a prediction  concerning 
their  response  In  the  future  and  as  though  they  were  living  around  an  air- 
port. It  may  be  that  advantages  such  as  living  close  to  work  or  recrea- 
tional activities,  the  neighborhood,  schools,  etc.,  would  offset  airport 
noise  annoyance  and  Increase  the  noise  level  for  establishing  a threshold 
of  acceptability  (accept  higher  noise  levels).  Persons  may  predict  a 
lower  noise  exposure  acceptability  than  that  based  on  experience  in  the 
actual  airport  area.  With  these  conditions  In  mind,  the  results  to  ques- 
tion number  2.,  “If  the  sounds  experienced  here  were  to  occur  In  the  same 
manner  during  your  usual  leisure  hours  at  home,  would  they  be  acceptable 

to  you?  Yes No ",  are  examined.  Due  to  the  variability  between 

and  within  persons  concerning  response  to  airport  noise  environments  and 
also  that  a prediction  of  future  response  Is  being  solicited,  we  will  use 
50%  as  a threshold  benchmark.. 

A description  of  the  seven  noise  conditions  along  with  the  percent 
of  participants  who  report  that  they  would  find  a particular  condition 
acceptable  "during  their  usual  leisure  hours  at  home"  is  provided  In 
Table  XXI.  Percent  acceptable  ranges  from  25%  for  the  "Old"  Noise  Envir- 
onment (No.  4)  to  83%  for  the  DT  (deep  thrust)  T/0  procedure  condition 
(No.  7).  It  Is  quite  Interesting  that  the  condition  with  the  fewest  num- 
ber of  flyovers  Is  the  least  acceptable.  In  Figure  12.,  percent  accept- 
able Is  plotted  as  a function  of  mean  peak  dBA  levels.  Using  the  accepted 
benchmark  from  psychophysics  of  50%,  conditions  No.  7,  3,  6,  and  1 (all 
four  administrations)  are  at  or  above  a threshold  or  acceptability  while 
conditions  5,  2,  and  4 would  be  considered  unacceptable.  However,  condi- 
tion No.  5,  which  simulated  a "new"  airport  environment  using  the  largest 
number  of  flyovers  for  any  condition.  Is  approaching  the  threshold  of 
being  acceptable.  Although  It  was  not  possible  to  systematically  Inves- 
tigate the  effect  of  number  of  operations  relative  to  establishing  a 
threshold  of  acceptability,  there  Is  some  evidence  that  the  number  of  op- 
erations Is  not  of  high  Importance.  For  the  three  conditions  which  had 
Identical  Leq's  of  51.4,  52.1,  and  51.9  (conditions  2,  4,  and  5),  predic- 
tions of  being  acceptable  were  highest  for  condition  5 with  18  flights 
and  lowest  for  condition  4 with  6 flights.  Thus,  for  the  present,  number 
of  Intrusions  Is  not  considered  In  establishing  a threshold  of  accepta- 
bility. Since  the  mean  peak  dBA  level  Is  62.4  for  condition  No.  1 and 
all  four  administrations  of  this  "standard"  condition  resulted  In  accept- 
ability percents  of  51  to  69  percent,  the  mean  peak  level  of  62  dBA  Is 
recommended  as  a lower  limit  for  a threshold  of  noise  exposure  acceptability 
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Table  XXI.  Description  of  seven  1.5-hour  noise 
conditions  and  percent  predictions  of 
acceptability  during  usual  leisure 
hours  at  home. 


# 

CONDITION 

DESCRIPTION 

NO.  OF 
FLYOVERS 

C0NDTI0N 

Leq 

MEAN  PEAK 
dBA 

RANGE  OF 
PEAK  dBA 

PERCENT 

ACCEPTABLE 

1 

Standard  - A 

1* 

E. 

62.4 

54.7-69.6 

62 

1 

" - B 

12 

II 

II 

II  _ II 

69 

1 

" - C 

12 

II 

II 

II  _ II 

69 

1 

" - D 

12 

II 

II 

II  _ II 

51 

2 

Stand,  plus  6 dBA 

12 

51.4 

68.4 

60.7-75.6 

36 

3 

Stand,  minus  6 dBA 

12 

39.9 

56.4 

48.7-63.6 

67 

4 

KiTt)  FI  Ufli1 '« V Lf  iW  3 < iTA  I3B 

6 

52.1 

68.8 

62.9-71.7 

25 

5 

"New"  Noise  Envir. 

18 

51.9 

64.4 

59.1-70.9 

42 

6 

IRC  T/0 

12 

41.6 

57.0 

48.2-60.5 

79 

7 

DT  T/0 

12 

38.9 

54.3 

48.8-60.5 

83 

and  with  an  upper  mean  peak  dBA  level  Of  64.  This  62  to  64  mean  peak  dBA 
range  is  higher  than  the  suggested  threshold  of  Reference  IT,  which  stated 
"For  indoor  speech  activities  and  for  comfortable  listening  levels  to 
television  and  radio,  it  is  concluded  that  flyovers  with  peak  levels  not 
greater  than  65  dBA  are  acceptable."  A more  detailed  review  of  results  to 
all  four  administrations  of  condition  No.  1 follows  and  tends  to  confirm 
that  this  higher  level  criterion  of  mean  peak  dBA  levels  of  62  to  64  is  in 
agreement  with  the  ratings. 


As  described  in  2.1  Procedures  and  Response  Measures,  each  of  the  48 
subjects  was  exposed  to  three  consecutive  standard  conditions  (three  even- 
ings in  succession).  Informed  that  it  was  the  standard  condition,  and  that 
It  was  assigned  the  number  "10".  The  aim  was  for  the  participants  to 
learn  and  remember  this  1.5-hour  exposure  situation  so  that  they  could 
rate  subsequent  conditions  relative  to  this  standard  condition.  Results 
for  the  category  Items  2,  3,  and  4 to  these  four  standard  conditions  are 
given  In  Figure  13.  For  Question  2,  whether-or-not  noise  condition  would 
be  acceptable  during  usual  leisure  hours  at  home,  for  the  three  evenings 
when  subjects  were  informed  that  it  was  a standard  condition,  acceptability 
ranged  from  62-69X.  However,  for  the  fourth  presentation  of  this  standard 
condition  when  subjects  were  Instructed  to  rate  the  same  condition  relative 
to  the  standard  and  not  Informed  that  It  was  the  exact  same  condition, 
acceptability  dropped  to  51 X.  These  results  lead  to  the  following  conclu- 
sions: 

• Persons  cannot  recognize  or  remember  a noise  exposure 
experience. 


• Informing  persons  that  an  exposure  situation  is  a 
"standard"  Induces  a response  set  that  Increases 
acceptability. 


I 

1 

j 

i 

i 
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Percent  Find  Noise  Environment  Acceptable 


Figure  12.  Percent  acceptable  as  a function  of  mean  peak  dBA 
for  the  seven  noise  conditions. 


To  Question  3.,  there  is  also  an  increase  in  listening  interference 
for  the  standard  session  where  participants  were  not  informed  that  it  was 
a fourth  presentation  of  the  same  noise  exposure  situation.  Again,  a re- 
sponse set  concerning  informing  subjects  that  the  first  three  sessions 
were  standard  conditions  is  hypothesized.  Ratings  concerning  speech  inter- 
ference (Question  4)  were  consistent  across  all  four  sessions  with  more 
than  85%  of  the  participants  reporting  no  speech  interference  for  all  four 
sessions  and  approximately  55%  reported  that  they  were  speaking  as  a fly- 
over occurred.  Speaking  interference  as  perceived  by  the  speaker  is  not 
as  pronounced  as  listening  interference.  A final  comment  concerning  annoy- 
ance ratings  as  a result  of  listening  interference  bears  on  establishing 
a threshold  of  acceptability.  Results  in  Figure  13  show  that,  at  most, 
participants  rated  interference  with  listening  activities  as  "Moderately 
Annoying."  It  is  this  result,  plus  case  history  experience  with  persons 
living  in  airport  noise  exposure  areas,  which  led  to  increasing  the  mean 
peak  dBA  from  62  to  a range  of  62  to  64  dBA  as  a threshold  of  acceptability. 

Some  more  qualitative  observations  concerning  response  to  aircraft 
noise  exposure  in  a simulated  natural  setting  are  helpful  in  understanding 
aircraft/airport  noise  annoyance  in  general.  There  was  behavioral  evidence 
that  the  activity  in  which  a person  is  engaged  at  the  time  that  an  intru- 
sion occurs  affects  his  annoyance  response.  For  example,  early  in  a ses- 
sion, persons  engrossed  in  playing  cards  or  in  a face-to-face  conversation 
would  question  as  to  whether-or-not  the  session  had  started  after  at  least 
one  flyover  had  occurred.  There  is  little  opportunity  to  experience  annoy- 
ance if  the  flyover  noise  is  not  perceived.  Also,  some  of  the  participants 
spontaneously  mentioned  that  since  taking  part  in  the  experiment,  they  were 
much  more  aware  of  aircraft  noise  in  their  home,  recreation  and  work  activi- 
ties. Being  in  the  experiment  emphasized  aircraft  noise  and  led  to  greater 
awareness  and  possibly  potential  for  aircraft  noise  annoyance  as  it  occurs 
in  the  community.  This  leads  to  a possible  explanation  of  a phenomenon  we 
have  observed  at  Sea ttl e-Tacoma  International  Airport.  Our  best  estimate  of 
noise  exposure  is  that  it  has  improved  in  the  1973  to  present  time  frame  as 
opposed  to  the  1967  to  1969  period.  However,  during  the  later  time  frame 
there  appears  to  be  more  concern  with  aircraft  noise  than  during  the  1967  to 
1969  period.  This  also  could  be  attributed  to  increased  awareness  on  the 
part  of  members  of  the  community  due  to  greater  publicity  and  interest  in 
environmental  matters. 

It  will  be  recalled  that  at  the  end  of  the  last  of  the  eight  1.5-hour 
sessions,  each  participant  was  asked  to  estimate  the  average  number  of  fly- 
overs they  had  heard  each  evening.  We  did  not  obtain  this  estimate  at  the 
end  of  each  session  due  to  concern  that  some  participants  might  count  the 
number  of  events  during  subsequent  sessions.  The  average  number  of  events 
for  each  of  the  six  groups  and  range  of  estimates  is  given  in  Table  XXII. 

On  the  average,  participants  estimated  that  they  heard  some  6.7  flyovers  per 
session  while  they  were  exposed  to  12  flyovers  per  session.  Groups  IV  and 
VI  provided  the  highest  average  estimates  with  respective  means  of  8.1  and 
7.2  and  these  two  groups  experienced  18  flyovers  during  their  last  session. 
The  most  common  average  estimate  for  the  eight  sessions  was  4 which  was  given 
by  23%  of  the  participants.  No  one  estimated  that  they  experienced  more  than 
12  flyovers.  Six  percent  of  the  participants,  one  each  from  Groups  III,  IV 


- 57  - 


First  Evening  (standard) 


Figure  13.  Response  to  Items  2,  3,  and  4 for  four  Standard  conditions  (see  Session  Evaluation 
Form  I,  pp.  13-15). 
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TABLE  XXII.  Mean  and  range  of  average  number  of  flyover 

events  participants  estimated  that  they  heard. 


GROUP 

I 

II 

III 

IV* 

V 

VI* 

Mean 

6.5 

6.4 

6.1 

8.1 

6.0 

mm 

Range 

4 - 9 

4 - 10 

1 - 12 

4 - 12 

1 - 12 

Dffl 

* Exposed  to  18  flyovers  for  last  of  8 sessions. 


and  VI  reported  that  they  heard  an  average  of  12  flyovers  per  session. 
Surprisingly  enough,  one  person  indicated  that  they  heard  an  average  of 
but  1 flyover  per  session.  Not  only  can  persons,  on  the  average,  not  re- 
cognize or  remember  a noise  exposure  experience,  but  they  are  not  aware  of 
the  number  of  audible  events  to  which  they  are  exposed.  In  respect  to  not 
recognizing  an  exact  same  noise  exposure  situation,  experimentors  were 
asked  during  the  third  standard  session  if  all  of  the  standard  conditions 
were  really  the  same. 
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4.0  SUMMARY  OF  CONCLUSIONS 


A number  of  conclusions  are  provided  in  the  "3.0  RESULTS1'  section. 
Some  of  them  are  considered  as  more  significant  than  others  relative  to 
establishing  community  noise  criteria  in  areas  around  commercial  airports 
and  others  are  concerned  with  procedures  or  methods  for  obtaining  cri- 
teria data.  Thus,  this  section  emphasizes  two  sets  of  conclusions.  The 
first  set  provides  a summary  of  conclusions  that  have  applied  implications 
relative  to  commercial  airport  noise  exposure  considerations,  while  the 
second  set  deals  with  conclusions  concerning  methods  and  procedures  for 
completing  criteria  research. 


4.1  Application  Conclusions 

1.  The  "deep  thrust"  takeoff  procedure  results  in  reduced, 
listening  interference  as  opposed  to  the  "in  route  climb" 
takeoff  procedure  for  the  727-100  and  727-200  aircraft. 

2.  Noise  exposure  from  a "new"  aircraft  fleet  mix  (circa 
1980)  is  clearly  more  acceptable  than  that  from  an  "old" 
aircraft  fleet  mix  (circa  1965).  There  were  three  times 
as  many  events  over  the  same  exposure  time  period  for 
the  "new"  fleet  mix  vs.  the  "old"  fleet  mix. 

3.  Commonly  used  noise  exposure  methods  such  as  NEF,  Leq 
and  mean  peak  dBA  are  level -dependent.  Using  NEF  as 

an  example,  for  doubling  or  halving  of  annoyance  in  the 
25  to  35  NEF  range  requires  some  14  to  15  dB,  while  for 
35  NEF  and  greater,  the  best  estimate  is  that  9 to  10 
dB  results  in  doubling  or  halving  of  annoyance.  The 
implication  of  this  conclusion  is  that  there  is  a com- 
munity resistance  point  at  which  further  noise  reductions 
will  result  in  a minimum  reduction  in  community  annoy- 
ance response. 

4.  It  is  concluded  that  a difference  for  noise  exposure 
approaches  of  2.5  to  4.0  dB  is  perceived  as  a reliable 
change  in  noise  exposure.  Depending  on  the  noise  expo- 
sure method  used,  a reduction  of  2.5  dB  could  have  a 
beneficial  effect  In  terms  of  conmunit y noise  annoyance 
response. 

5.  The  predictive  capability  of  a noise  exposure  method  is 
very  much  a function  of  the  engineering  calculation 
procedure  employed  to  weight  the  acoustic  energy  prior 

to  summing  or  averaging.  In  order  of  predictive  capabil- 
ity, dBH  demonstrated  best  predictive  capability,  PNdBj 
was  next,  and  dBA  showed  the  least  predictive  capability. 
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6.  It  is  concluded  that  the  mean  of  the  peak  levels  has 
greater  predictive  capability  (more  representative  of 
community  noise  annoyance  response)  than  energy  summation 
methods  such  as  NEF  and  Ldn  (See  Table  XV).  Mean  peak 
level  determinations  regardless  of  the  engineering 
calculation  procedure  used  to  weight  the  acoustic  energy 
are  superior  to  energy  summation  methods.  Leq  utilizing 
a dBA  weighting  is  a relatively  poor  predictor. 

7.  There  is  some  evidence  that  the  number  of  flyover  in- 
trusions is  not  critical  in  predicting  community  noise 
annoyance.  However,  the  addition  of  5 log  N to  mean 
peak  level  determinations  resulted  in  an  improvement  in 
predictive  capability. 

8.  It  is  concluded  that  a mean  peak  dBA  level  of  62  to  64 
is  an  acceptable  upper  limit  for  noise  exposure  in  resi- 
dential living  quarters  around  commercial  airports. 

A range  of  62-64  dBA  for  mean  peak  levels  is  an  upper 
threshold  limit. 


4.2  Methods  Conclusions 

1.  A listening  interference  measure  is  more  sensitive  to  a 
reduction  in  noise  exposure  than  predictions  of 
whether-or-not  the  reduced  exposure  condition  would  be 
acceptable  in  subject's  "usual  living  environment." 

2.  Noise  acceptability  and  listening  interference  ratings 
can  be  influenced  by  instructions. 

3.  The  activity  in  which  a person  is  engaged  influences 
their  noise  annoyance  rating. 

4.  Emphasizing  or  calling  attention  to  airport  noise  lowers 
the  threshold  of  airport  noise  exposure  acceptability. 

5.  On  the  average,  persons  do  not  perceive  the  number  of  fly- 
over events  to  which  they  are  exposed.  There  is  a strong 
tendency  to  underestimate  number  of  flyover  intrusions. 

6.  Persons  cannot  recognize  or  remember  a noise  exposure 
situation  to  which  they  have  been  exposed. 
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APPENDIX  A 


This  appendix  provides  the  descriptions  and  rank  orders  for 
the  109  noise  exposure  methods  evaluated.  Rank  order  is  based 
on  the  magnitude  of  the  product-moment  coefficient  of  correlation 
between  noise  exposure  methods  and  mean  magnitude  estimation 
ratings.  For  example,  noise  exposure  method  No.  77  has  the  highest 
correlation  coefficient  and  has  a RANK  of  "1". 


A-l 


TABLE  A-l.  Description  and  rank  order  by  coefficient  of  correlation  of 
noise  exposure  methods  examined  (Objective  5.) 


(continued).  Description  and  rank  order  by  coefficient  of  correlation 
of  noise  exposure  methods  examined  (Objective  5.) 


Mean  dBAn  + 10  log  N I 90  64  Peak  EPNdB 


TABLE  A-l  (continued).  Description  and  rank  order  by  coefficient  of  correlation 

of  noise  exposure  methods  examined  (Objective  5.) 


Mean  Peak  dBH  (Top  6)  I 40  91  Mean  Peak  PNdBT  (Top  6) 

+ 10  log  N 


TABLE  A-l (continued).  Description  and  rank  order  by  coefficient  of  correlation 

of  noise  exposure  methods  examined  (Objective  5.) 


This  is  a reliability  test  of  LeQ  using  a separate  1/3-octave  analysis  of  the  flyover  signals  in 
real  time.  4 

"N"  is  number  of  flyovers.  9This  means  peak  of  only  loudest  flyover. 


